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NUCLEIC ACID MOLECULES ENCODING a large genome with complex arrays of genes . Herpesvirus 
NOVEL HERPES ANTIGENS , VACCINE genes , like the genes of their eukaryotic hosts , are not 

COMPRISING THE SAME , AND METHODS arranged in operons and in most cases have individual 
OF USE THEREOF promoters . However , unlike eukaryotic genes , very few 

5 herpesvirus genes are spliced . 
CROSS - REFERENCE TO RELATED The genes are characterized as either essential or dispens 

APPLICATIONS able for growth in cell culture . Essential genes regulate 
transcription and are needed to construct the virion . Dis 

This application is a divisional of U . S . patent application pensable genes for the most part function to enhance the 
Ser . No . 13 / 982 , 457 , filed Oct . 4 , 2013 , which is the U . S . 10 cellular environment for virus production , to defend the national phase application filed under 35 U . S . C . $ 371 virus from the host immune system and to promote cell to 
claiming benefit to International Patent Application No . cell spread . The large numbers of dispensable genes are in 
PCT / US12 / 023398 , filed Jan . 31 , 2012 , which is entitled to reality required for a productive in vivo infection . It is only 
priority under 35 U . S . C $ 119 ( e ) to U . S . Provisional Patent in the restricted environment of laboratory cell cultures that Application No . 61 / 438 , 089 , filed Jan . 31 , 2011 , each of 15 they are dispensable . All herpesvirus genomes contain which applications are incorporated by reference herein in 
their entireties . lengthy terminal repeats both direct and inverted . There are 

six terminal repeat arrangements and understanding how 
FIELD OF THE INVENTION these repeats function in viral success is an interesting part 

20 of current research . 
The present invention relates to nucleic acid sequences Four biological properties that characterize members of 

encoding human herpes family viral ( Herp ) proteins and the herpesviridae family are that herpesviruses express a 
fragments thereof ; to improved herpes vaccines , improved large number of enzymes involved in metabolism of nucleic 
methods for inducing immune responses against herpes , acid ( e . g . thymidine kinase ) , DNA synthesis ( e . g . DNA 
improved methods for prophylactically and / or therapeuti - 25 helicase / primase ) and processing of proteins ( e . g . protein 
cally immunizing individuals against herpes viruses . kinase ) ; herpesviruses synthesize viral genomes and 

assemble capsids within the nucleus ; their productive viral 
BACKGROUND OF THE INVENTION infection is accompanied by inevitable cell destruction ; and 

herpesviruses are able to establish and maintain a latent state 
Herpesviridae ( herpesviruses or herpes family viruses ) is 30 in their host and reactivate following cellular stress . Latency 

the name of a family of enveloped , double - stranded DNA involves stable maintenance of the viral genome in the 
viruses with relatively large complex genomes . They repli nucleus with limited expression of a small subset of viral 
cate in the nucleus of a wide range of vertebrate hosts , genes . 
including eight varieties isolated in humans , several each in Herpes virus family , which includes cytomeglavirus and 
horses , cattle , mice , pigs , chickens , turtles , lizards , fish , and 35 herpes simplex virus , is found in the body fluids of infected 
even in some invertebrates , such as oysters . Human herpes - individuals including urine , saliva , breast milk , blood , tears , 
virus infections are endemic and sexual contact is a signifi - semen , and vaginal fluids . 
cant method of transmission for several including both In the U . S . , between 50 % and 80 % of adults are positive 
herpes simplex virus 1 and 2 ( HSV - 1 , HSV - 2 ) , also human for HCMV by the age of 40 and there is no cure . While most 
cytomegalovirus ( HHV - 5 ) and likely Karposi ' s sarcoma 40 infections are “ silent ’ , HCMV can cause disease in unborn 
herpesvirus ( HHV - 8 ) . The increasing prevalence of genital babies and immunocompromised people . HCMV in positive 
herpes and corresponding rise of neonatal infection and the mothers can lead to Down syndrome , fetal alcohol syn 
implication of Epstein - Barr virus ( HHV - 4 ) and Karposi ' s drome , and neural tube defects . Furthermore , approximately 
sarcoma herpesvirus as cofactors in human cancers create an 33 % of women who become infected with HCMV for the 
urgency for a better understanding of this complex , and 45 first time during pregnancy pass the virus to unborn babies . 
highly successful virus family . Currently , 1 in 150 babies is born with congenital HCMV 

The virion structure of all herpesvirus virions are com - infection and 1 in 750 babies is born with or develops 
prised of four structural elements : 1 . Core : The core consists permanent disabilities dues to HCMV . Moreover , HCMV is 
of a single linear molecule of dsDNA in the form of a torus . widespread in developing countries and areas of lower 
2 . Capsid : Surrounding the core is an icosahedral capsid 50 socioeconomic conditions . Therefore , developing a preven 
with a 100 nm diameter constructed of 162 capsomeres . 3 . tative and / or therapeutic vaccine against HCMV would 
Tegument : Between the capsid and envelope is an amor - decrease morbidity and medical costs associated with virus 
phous , sometimes asymmetrical , feature named the tegu - associated illness and disease worldwide . 
ment . It consists of viral enzymes , some of which are needed Current vaccine strategies using attenuated / killed virus or 
to take control of the cell ' s chemical processes and subvert 55 recombinant proteins have been reported to yield levels of 
them to virion production , some of which defend against the efficacy approaching 35 % at best . Since antibodies ( Abs ) 
host cell ' s immediate responses , and others for which the recognizing viral glycoproteins such as gB , gH , GM , and gN 
function is not yet understood . 4 . Envelope : The envelope is are observed in cases of protection , it is thought that the 
the outer layer of the virion and is composed of altered host elicitation of neutralizing Abs against these viral surface 
membrane and a dozen unique viral glycoproteins . They 60 targets are important . Furthermore , T cell epitopes are 
appear in electron micrographs as short spikes embedded in known to occur in particular viral proteins including UL83 
the envelope . ( pp65 ) , which specifically defines T - cell - based vaccine 

The herpesvirus genomes range in length from 120 to 230 approaches targeting pp65 epitopes . 
kbp with base composition from 31 % to 75 % G + C content The direct administration of nucleic acid sequences to 
and contain 60 to 120 genes . Because replication takes place 65 vaccinate against animal and human diseases has been 
inside the nucleus , herpesviruses can use both the host ' s studied and much effort has focused on effective and effi 
transcription machinery and DNA repair enzymes to support cient means of nucleic acid delivery in order to yield 
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necessary expression of the desired antigens , resulting There remains a need for nucleic acid constructs that 
immunogenic response and ultimately the success of this encode herpesvirus antigens and for compositions useful to 
technique . induce immune responses against herpesviruses . There 
DNA vaccines have many conceptual advantages over remains a need for effective vaccines against herpesviruses 

more traditional vaccination methods , such as live attenu - 5 that are economical and effective . 
ated viruses and recombinant protein - based vaccines . DNA 
vaccines are safe , stable , easily produced , and well tolerated SUMMARY OF THE INVENTION 
in humans with preclinical trials indicating little evidence of 
plasmid integration [ Martin , T . , et al . , Plasmid DNA malaria In one aspect of the invention , there are nucleic acid 
vaccine : the potential for genomic integration after intra - 10 molecules comprising a coding sequence for a herpes virus 
muscular injection . Hum Gene Ther , 1999 . 10 ( 5 ) : p . 759 - 68 ; antigen encoding one or more proteins selected from the 
Nichols , W . W . , et al . , Potential DNA vaccine integration group consisting of : proteins comprising SEQ ID NO : 2 ; 
into host cell genome . Ann N Y Acad Sci , 1995 . 772 : p . proteins that is 95 % homologous to SEQ ID NO : 2 ; proteins 
30 - 9 ] . In addition , DNA vaccines are well suited for comprising SEQ ID NO : 4 ; proteins that are 95 % homolo 
repeated administration due to the fact that efficacy of the 15 gous to SEQ ID NO : 4 ; proteins comprising SEQ ID NO : 6 ; 
vaccine is not influenced by pre - existing antibody titers to proteins that are 95 % homologous to SEQ ID NO : 6 ; proteins 
the vector [ Chattergoon , M . , J . Boyer , and D . B . Weiner , comprising SEQ ID NO : 8 ; proteins that are 95 % homolo 
Genetic immunization : a new era in vaccines and immune gous to SEQ ID NO : 8 ; proteins comprising SEQ ID NO : 10 ; 
therapeutics . FASEB J , 1997 . 11 ( 10 ) : p . 753 - 63 ] . However , proteins that are 95 % homologous to SEQ ID NO : 10 ; 
one major obstacle for the clinical adoption of DNA vac - 20 proteins comprising SEQ ID NO : 12 ; proteins that are 95 % 
cines has been a decrease in the platform ' s immunogenicity homologous to SEQ ID NO : 12 ; proteins comprising SEQ ID 
when moving to larger animals [ Liu , M . A . and J . B . Ulmer , NO : 14 ; proteins that are 95 % homologous to SEQ ID 
Human clinical trials of plasmid DNA vaccines . Adv Genet , NO : 14 ; proteins comprising SEQ ID NO : 16 ; proteins that 
2005 . 55 : p . 25 - 40 ) . Recent technological advances in the are 95 % homologous to SEQ ID NO : 16 ; proteins compris 
engineering of DNA vaccine immunogen , such has codon 25 ing SEQ ID NO : 18 ; proteins that are 95 % homologous to 
optimization , RNA optimization and the addition of immu - SEQ ID NO : 18 ; proteins comprising proteins comprising 
noglobulin leader sequences have improved expression and SEQ ID NO : 20 ; proteins that are 95 % homologous to SEQ 
immunogenicity of DNA vaccines [ Andre , S . , et al . , ID NO : 20 ; proteins comprising SEQ ID NO : 85 , proteins 
Increased immune response elicited by DNA vaccination that are 95 % homologous to SEQ ID NO : 85 ; proteins 
with a synthetic gp 120 sequence with optimized codon 30 comprising HSV1 - GH ( N - terminal region up to position 838 
usage . J Virol , 1998 . 72 ( 2 ) : p . 1497 - 503 ; Deml , L . , et al . , of SEQ ID NO : 87 ) , proteins that are 95 % homologous to 
Multiple effects of codon usage optimization on expression HSV1 - gH ; proteins comprising HSV1 - gL ( C - terminal 
and immunogenicity of DNA candidate vaccines encoding region from position 846 of SEQ ID NO : 87 ) , proteins that 
the human immunodeficiency virus type 1 Gag protein . J are 95 % homologous to HSV1 - gL ; proteins comprising 
Virol , 2001 . 75 ( 22 ) : p . 10991 - 1001 ; Laddy , D . J . , et al . , 35 HSV1 - gC ( N - terminal region up to position 511 of SEQ TD 
Immunogenicity of novel consensus - based DNA vaccines NO : 89 ) , proteins that are 95 % homologous to HSV1 - gC ; 
against avian influenza . Vaccine , 2007 . 25 ( 16 ) : p . 2984 - 9 ; proteins comprising HSV1 - gD ( C - terminal region from 
Frelin , L . , et al . , Codon optimization and mRNA amplifi position 519 of SEQ ID NO : 89 ) , proteins that are 95 % 
cation effectively enhances the immunogenicity of the hepa homologous to HSV1 - gD ; proteins comprising SEQ ID 
titis C virus nonstructural 3 / 4A gene . Gene Ther , 2004 . 40 NO : 91 , proteins that are 95 % homologous to SEQ ID 
11 ( 6 ) : p . 522 - 33 ) , as well as , recently developed technology NO : 91 ; proteins comprising HSV2 - gH ( N - terminal region 
in plasmid delivery systems such as electroporation [ Hirao , up to position 838 of SEQ ID NO : 93 ) , proteins that are 95 % 
L . A . , et al . , Intradermal / subcutancous immunization by homologous to HSV2 - gH ; proteins comprising HSV2 - gL 
electroporation improves plasmid vaccine delivery and ( C - terminal region from position 846 of SEQ ID NO : 93 ) , 
potency in pigs and rhesus macaques . Vaccine , 2008 . 26 ( 3 ) : 45 proteins that are 95 % homologous to HSV2 - gL ; proteins 
p . 440 - 8 ; Luckay , A . , et al . , Effect of plasmid DNA vaccine comprising HSV2 - 9C ( N - terminal region up to position 480 
design and in vivo electroporation on the resulting vaccine - of SEQ ID NO : 95 ) , proteins that are 95 % homologous to 
specific immune responses in rhesus macaques . J Virol , HSV2 - gC ; proteins comprising HSV2 - gD ( C - terminal 
2007 . 81 ( 10 ) : p . 5257 - 69 ; Ahlen , G . , et al . , In vivo elec - region from position 488 of SEQ ID NO : 95 ) , proteins that 
troporation enhances the immunogenicity of hepatitis C 50 are 95 % homologous to HSV2 - gD ; proteins comprising 
virus nonstructural 3 / 4A DNA by increased local DNA SEQ ID NO : 97 , proteins that are 95 % homologous to SEO 
uptake , protein expression , inflammation , and infiltration of ID NO : 97 ; proteins comprising VZV - gH ( N - terminal region 
CD3 + T cells . J Immunol , 2007 . 179 ( 7 ) : p . 4741 - 53 ] . In up to position 841 of SEQ TD NO : 99 ) , proteins that are 95 % 
addition , studies have suggested that the use of consensus homologous to VZV - gH ; proteins comprising VZV - gL 
immunogens can be able to increase the breadth of the 55 ( C - terminal region from position 849 of SEQ ID NO : 99 ) , 
cellular immune response as compared to native antigens proteins that are 95 % homologous to VZV - gL ; proteins 
alone [ Yan , J . , et al . , Enhanced cellular immune responses comprising VZV - GM ( N - terminal region up to position 435 
elicited by an engineered HIV - 1 subtype B consensus - based of SEQ ID NO : 101 ) , proteins that are 95 % homologous to 
envelope DNA vaccine . Mol Ther , 2007 . 15 ( 2 ) : p . 411 - 21 ; VZV - gM ; proteins comprising VZV - ON ( C - terminal region 
Rolland , M . , et al . , Reconstruction and function of ancestral 60 from position 443 of SEQ ID NO : 101 ) , proteins that are 
center - of - tree human immunodeficiency virus type 1 pro - 95 % homologous to VZV - gN ; proteins comprising SEQ ID 
teins . J Virol , 2007 . 81 ( 16 ) : p . 8507 - 14 ) . NO : 103 , proteins that are 95 % homologous to SEQ ID 

One method for delivering nucleic acid sequences such as NO : 103 ; proteins comprising CeHV1 - gH ( N - terminal 
plasmid DNA is the electroporation ( EP ) technique . The region up to position 858 of SEQ ID NO : 105 ) , proteins that 
technique has been used in human clinical trials to deliver 65 are 95 % homologous to CeHV1 - gH ; proteins comprising 
anti - cancer drugs , such as bleomycin , and in many preclini - CeHV1 - gL ( C - terminal region from position 866 of SEQ ID 
cal studies on a large number of animal species . NO : 105 ) , proteins that are 95 % homologous to CeHV1 - gL ; 

post 
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proteins comprising CeHV1 - gC ( N - terminal region up to are 95 % homologous to DNA sequence encoding HSV2 - gH ; 
position 467 of SEQ ID NO : 107 ) , proteins that are 95 % nucleic acid sequences comprising DNA sequence encoding 
homologous to CeHV1 - gC ; proteins comprising CeHV1 - gD HSV2 - gL ; nucleic acid sequences that are 95 % homologous 
( C - terminal region from position 475 of SEQ ID NO : 107 ) , to DNA sequence encoding HSV2 - gL ; nucleic acid 
proteins that are 95 % homologous to CeHV1 - gD ; proteins 5 sequences comprising DNA sequence encoding HSV2 - gC ; 
comprising VZV - gE ( N - terminal region up to position 623 nucleic acid sequences that are 95 % homologous to DNA 
of SEQ ID NO : 109 ) , proteins that are 95 % homologous to sequence encoding HSV2 - gC ; nucleic acid sequences com 
VZV - gE ; proteins comprising VZV - gI ( C - terminal region prising DNA sequence encoding HSV2 - gD ; nucleic acid 
from position 631 of SEQ ID NO : 109 ) , proteins that are sequences that are 95 % homologous to DNA sequence 
95 % homologous to VZV - gI ; proteins comprising SEQ ID 10 encoding HSV2 - gD ; nucleic acid sequences comprising 
NO : 111 , proteins that are 95 % homologous to SEQ ID SEQ ID NO : 98 ; nucleic acid sequences that are 95 % 
NO : 111 ; and proteins comprising SEQ ID NO : 113 , proteins homologous to SEQ ID NO : 98 ; nucleic acid sequences 
that are 95 % homologous to SEQ ID NO : 113 ; and immu comprising DNA sequence encoding VZV - gH ; nucleic acid 
nogenic fragments thereof comprising at least 10 amino sequences that are 95 % homologous to DNA sequence 
acids . 15 encoding VZV - gH ; nucleic acid sequences comprising DNA 

In some examples , proteins set forth above comprise a sequence encoding VZV - gL ; nucleic acid sequences that are 
signal peptide , such as for example the IgE signal peptide 95 % homologous to DNA sequence encoding VZV - gL ; 
( SEQ ID NO : 61 ) ( e . g . SEQ ID NOs : 22 , 24 , 26 , 28 , 30 , 32 , nucleic acid sequences comprising DNA sequence encoding 
34 , 36 , 38 and 40 ) and / or an antigenic tag such as the HA Tag VZV - gM ; nucleic acid sequences that are 95 % homologous 
( SEQ ID NO : 62 ) ( e . g . SEQ ID NOs : 42 , 44 , 46 , 48 , 50 , 52 , 20 to DNA sequence encoding VZV - gM ; nucleic acid 
54 , 56 , 58 and 60 ) . Further , one or more proteins set forth sequences comprising DNA sequence encoding VZV - gN ; 
above may be linked to each other to form a fusion protein . nucleic acid sequences that are 95 % homologous to DNA 
In some examples , the proteins are linked by way of a sequence encoding VZV - gN ; nucleic acid sequences com 
proteolytic cleavage site such as the furin site ( SEQ ID NO : prising SEQ ID NO : 104 ; nucleic acid sequences that are 
63 ) ( e . g . SEQ ID NO : 65 , 67 , 69 , 71 , 73 , 75 , 87 , 89 , 93 , 95 , 25 95 % homologous to SEQ ID NO : 104 ; nucleic acid 
99 , 101 , 105 , and 107 ) . sequences comprising DNA sequence encoding CeHV1 - gH ; 

Nucleic acid molecules comprising sequences that encode nucleic acid sequences that are 95 % homologous to DNA 
one or more protein molecules set forth above are also sequence encoding CeHV1 - gH ; nucleic acid sequences 
provided . In some embodiments , the nucleic acid molecule comprising DNA sequence encoding CeHV1 - gL ; nucleic 
comprises a sequence selected from the group consisting of : 30 acid sequences that are 95 % homologous to DNA sequence 
nucleic acid sequences comprising SEQ ID NO : 1 ; nucleic encoding CeHV1 - gL ; nucleic acid sequences comprising 
acid sequences that are 95 % homologous to SEQ ID NO : 1 ; DNA sequence encoding CeHV1 - gC ; nucleic acid 
nucleic acid sequences comprising SEQ ID NO : 3 ; nucleic sequences that are 95 % homologous to DNA sequence 
acid sequences that are 95 % homologous to SEQ TD NO : 3 ; encoding CeHV1 - gC ; nucleic acid sequences comprising 
nucleic acid sequences comprising SEQ TD NO : 5 ; nucleic 35 DNA sequence encoding CeHV1 - gD ; nucleic acid 
acid sequences that are 95 % homologous to SEQ ID NO : 5 ; sequences that are 95 % homologous to DNA sequence 
nucleic acid sequences comprising SEQ ID NO : 7 ; nucleic encoding CeHV1 - gD ; nucleic acid sequences comprising 
acid sequences that are 95 % homologous to SEQ ID NO : 7 ; DNA sequence encoding VZV - gE ; nucleic acid sequences 
nucleic acid sequences comprising SEQ ID NO : 9 ; nucleic that are 95 % homologous to DNA sequence encoding VZV 
acid sequences that are 95 % homologous to SEQ ID NO : 9 ; 40 gE ; nucleic acid sequences comprising DNA sequence 
nucleic acid sequences comprising SEQ ID NO : 11 ; nucleic encoding VZV - gl ; nucleic acid sequences that are 95 % 
acid sequences that are 95 % homologous to SEQ ID NO : 11 ; homologous to DNA sequence encoding VZV - gl ; nucleic 
nucleic acid sequences comprising SEQ ID NO : 13 ; nucleic acid sequences comprising SEQ ID NO : 112 ; nucleic acid 
acid sequences that are 95 % homologous to SEQ ID NO : 13 ; sequences that are 95 % homologous to SEQ ID NO : 112 ; and 
nucleic acid sequences comprising SEQ ID NO : 15 ; nucleic 45 nucleic acid sequences comprising SEQ ID NO : 114 ; nucleic 
acid sequences that are 95 % homologous to SEQ ID NO : 15 ; acid sequences that are 95 % homologous to SEQ ID 
nucleic acid sequences comprising SEQ ID NO : 17 ; nucleic NO : 114 ; and fragments thereof that comprise nucleic acid 
acid sequences that are 95 % homologous to SEQ ID NO : 17 ; sequences encoding immunogenic fragments comprising at 
nucleic acid sequences comprising SEQ ID NO : 19 ; nucleic least 10 amino acids . 
acid sequences that are 95 % homologous to SEQ ID NO : 19 ; 50 In some examples , the nucleic acid sequences encode 
nucleic acid sequences comprising SEQ ID NO : 86 ; nucleic proteins that further comprise a signal peptide , such as for 
acid sequences that are 95 % homologous to SEQ ID NO : 86 ; example the IgE signal peptide ( DNA sequence encoding 
nucleic acid sequences comprising DNA sequence encoding SEQ ID NO : 61 ) ( e . g . SEQ ID NOs : 21 , 23 , 25 , 27 , 29 , 31 , 
HSV1 - gH ; nucleic acid sequences that are 95 % homologous 33 , 35 , 37 and 39 ) and / or an antigenic tag such as the HA Tag 
to DNA sequence encoding HSV1 - gH ; nucleic acid 55 ( DNA sequence encoding SEQ ID NO : 62 ) ( e . g . SEQ ID 
sequences comprising DNA sequence encoding HSV1 - gL ; NOs : 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 ) . Further , one 
nucleic acid sequences that are 95 % homologous to DNA or more nucleic acid sequences may be linked to each other 
sequence encoding HSV1 - gL ; nucleic acid sequences com - to form a chimeric gene that encodes a fusion protein . In 
prising DNA sequence encoding HSV1 - gC ; nucleic acid some examples , the nucleic acid sequences encode proteins 
sequences that are 95 % homologous to DNA sequence 60 that are linked by way of a proteolytic cleavage site such as 
encoding HSV1 - gC ; nucleic acid sequences comprising the furin site ( DNA sequence encoding SEQ ID NO : 63 ) ( e . g . 
DNA sequence encoding HSV1 - gD ; nucleic acid sequences SEQ ID NOs : 64 , 66 , 68 , 70 , 72 , 74 , 88 , 90 , 94 , 96 , 100 , 102 , 
that are 95 % homologous to DNA sequence encoding 106 , 108 , and 110 ) . 
HSV1 - gD ; nucleic acid sequences comprising SEQ ID In some embodiments , the nucleic acid molecules com 
NO : 92 ; nucleic acid sequences that are 95 % homologous to 65 prising sequences that encode one or more protein molecules 
SEQ ID NO : 92 ; nucleic acid sequences comprising DNA set forth above are also provided in combination with a 
sequence encoding HSV2 - gH ; nucleic acid sequences that different second nucleic acid sequence , wherein the second 
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nucleic acid sequence encodes a protein selected from the minal region from position 488 of SEQ ID NO : 95 ) , proteins 
group consisting of : HCMV GB , HCMV OM , HCMV gN , that are 95 % homologous to HSV2 - gD ; a protein comprising 
HCMV GH , HCMV gL , HCMV gO , HCMV - UL131a , SEQ ID NO : 97 , proteins that are 95 % homologous to SEQ 
HCMV - UL130 , HCMV - UL128 , HCMV - UL83 , HSV1 - gB , ID NO : 97 ; a protein comprising VZV - gH ( N - terminal region 
HSV1 - gH , HSV1 - gL , HSV1 - gC , HSV1 - gD , HSV2 - gB , 5 up to position 841 of SEQ ID NO : 99 ) , proteins that are 95 % 
HSV2 - gH , HSV2 - gL , HSV2 - gC , HSV2 - gD , VZV - GB , homologous to VZV - gH ; a protein comprising VZV - gL 
VZV - gH , VZV - gL , VZV - OM , VZV - gN , VZV - gE , VZV - gl , ( C - terminal region from position 849 of SEQ ID NO : 99 ) , 
VZV - gC , VZV - gK , CeHV1 - gB , CeHV1 - gH , CeHV1 - gL , proteins that are 95 % homologous to VZV - gL ; a protein 
CeHV1 - gC , and CeHV1 - gD . Preferably , an HCMV comprising VZV - OM ( N - terminal region up to position 435 
sequence will be combined with a different second HCMV 10 of SEQ ID NO : 101 ) , proteins that are 95 % homologous to 
sequence ; an HSV1 sequence will be combined with a VZV - gM ; a protein comprising VZV - ON ( C - terminal region 
different second HSV1 sequence ; an HSV2 sequence will be from position 443 of SEQ ID NO : 101 ) , proteins that are 
combined with a different second HSV2 sequence ; an 95 % homologous to VZV - gN ; a protein comprising SEQ ID 
CeHV1 sequence will be combined with a different second NO : 103 , proteins that are 95 % homologous to SEQ ID 
CeHV1 sequence ; and a VZV sequence will be combined 15 NO : 103 ; a protein comprising CeHV1 - gH ( N - terminal 
with a different second VZV sequence . region up to position 858 of SEQ ID NO : 105 ) , proteins that 

Another aspect of the present invention includes compo are 95 % homologous to CeHV1 - gH ; a protein comprising 
sitions that comprise one or more of the nucleic acid CeHV1 - gL ( C - terminal region from position 866 of SEQ ID 
molecules provided herein . NO : 105 ) , proteins that are 95 % homologous to CeHV1 - gL ; 

Some aspects of the invention provide method of inducing 20 a protein comprising CeHV1 - gC ( N - terminal region up to 
an immune response against a herpes virus antigen com - position 467 of SEQ ID NO : 107 ) , proteins that are 95 % 
prising administering the nucleic acid molecules provided homologous to CeHV1 - gC ; a protein comprising CeHV1 
herein . Preferably the herpes virus antigens comprise gD ( C - terminal region from position 475 of SEQ TD 
HCMV , HSV1 , HSV2 , CeHV1 , and VZV antigens . NO : 107 ) , proteins that are 95 % homologous to CeHV1 - gD ; 

Additional aspects of the invention provide methods of 25 a protein comprising VZV - gE ( N - terminal region up to 
protecting an individual from herpes virus infection com - position 623 of SEQ ID NO : 109 ) , proteins that are 95 % 
prising administering the nucleic acid molecules provided homologous to VZV - gE ; a protein comprising VZV - gi 
herein . In some embodiments , the individual is an individual ( C - terminal region from position 631 of SEQ ID NO : 109 ) , 
who has been diagnosed with herpes virus infection . proteins that are 95 % homologous to VZV - gi ; a protein 

In another aspect of the invention , there are proteins 30 comprising SEQ ID NO : 111 , proteins that are 95 % homolo 
selected from the group consisting of : a protein comprising gous to SEQ ID NO : 111 ; and a protein comprising SEQ ID 
SEQ ID NO : 2 ; a protein that is 95 % homologous to SEQ ID NO : 113 , proteins that are 95 % homologous to SEQ ID 
NO : 2 ; a protein comprising SEQ ID NO : 4 ; a protein that is NO : 113 ; and immunogenic fragments thereof comprising at 
95 % homologous to SEQ ID NO : 4 ; a protein comprising least 10 amino acids . 
SEQ ID NO : 6 ; a protein that is 95 % homologous to SEQ ID 35 In some embodiments , there are provided methods of 
NO : 6 ; a protein comprising SEQ ID NO : 8 ; a protein that is inducing an immune response against a herpes virus infec 
95 % homologous to SEQ ID NO : 8 ; a protein comprising tion comprising delivering to an individual the proteins 
SEQ ID NO : 10 ; a protein that is 95 % homologous to SEQ provided herein . In some embodiments , the individual is an 
ID NO : 10 ; a protein comprising SEQ ID NO : 12 ; a protein individual who has been diagnosed with herpes virus infec 
that is 95 % homologous to SEQ ID NO : 12 ; a protein 40 tion . 
comprising SEQ ID NO : 14 ; a protein that is 95 % homolo Aspects of the invention relate to method of generating a 
gous to SEQ ID NO : 14 ; a protein comprising SEQ TD multivalent vaccine against a herpes family virus , compris 
NO : 16 ; a protein that is 95 % homologous to SEQTD ing : performing phylogenetic and molecular evolutionary 
NO : 16 ; a protein comprising SEQ ID NO : 18 ; a protein that analysis to estimate diversity among clinically relevant and 
is 95 % homologous to SEQ ID NO : 18 ; a protein comprising 45 publically available target protein sequences of the herpes 
a protein comprising SEQ ID NO : 20 ; a protein that is 95 % virus ; selecting at least two target protein sequence from the 
homologous to SEQ ID NO : 20 ; a protein comprising SEQ group comprising : a ) a specific , clinically relevant subgroup 
ID NO : 85 , proteins that are 95 % homologous to SEQ ID of a divergent protein ; or b ) a highly conserved protein ; 
NO : 85 ; a protein comprising HSV1 - gH ( N - terminal region generating a consensus sequence from the selected target 
up to position 838 of SEQ ID NO : 87 ) , proteins that are 95 % 50 protein sequences ; and cloning the consensus target protein 
homologous to HSV1 - gH ; a protein comprising HSV1 - gL sequences from the generating step into one or more expres 
( C - terminal region from position 846 of SEQ ID NO : 87 ) , sion constructs for formulation of the multivalent vaccine . In 
proteins that are 95 % homologous to HSV1 - gL ; a protein some embodiments , the the selecting step comprises select 
comprising HSV1 - gC ( N - terminal region up to position 511 ing target proteins that are associated to one another as part 
of SEQ ID NO : 89 ) , proteins that are 95 % homologous to 55 of a biological complex expressed by a herpes virus . In some 
HSV1 - gC ; a protein comprising HSV1 - gD ( C - terminal embodiments , the selected target proteins are surface anti 
region from position 519 of SEQ ID NO : 89 ) , proteins that gens . In some embodiments the surface antigens are selected 
are 95 % homologous to HSV1 - gD ; a protein comprising from the group consisting of gH , gl , gM , gn , gC , and gD . 
SEQ ID NO : 91 , proteins that are 95 % homologous to SEQ In some embodiments , the surface antigens are gH and gL . 
ID NO : 91 ; a protein comprising HSV2 - gH ( N - terminal 60 In some embodiments , the specific , clinically relevant sub 
region up to position 838 of SEQ ID NO : 93 ) , proteins that group of a divergent protein further comprises , selecting a 
are 95 % homologous to HSV2 - gH ; a protein comprising clinically relevant strain of the herpes virus that has pas 
HSV2 - gL ( C - terminal region from position 846 of SEQ ID saged no more than four times in culture . In some embodi 
NO : 93 ) , proteins that are 95 % homologous to HSV2 - gL ; a ments , the step of selecting the specific , clinically relevant 
protein comprising HSV2 - 3C ( N - terminal region up to posi - 65 subgroup of a divergent protein further comprises , selecting 
tion 480 of SEQ ID NO : 95 ) , proteins that are 95 % homolo - a clinically relevant strain of the herpes virus that has 
gous to HSV2 - gC ; a protein comprising HSV2 - 9D ( C - ter passaged no more than six times in culture . In some embodi 
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ments , the herpes family virus is selected from the group FIG . 3 is a plasmid map of plasmid 2 described in 
consisting of CMV , HSV1 , HSV2 , VZV , CeHV1 , EBV , Example 1 . Plasmid 2 is also referred to as pHCMVgMgN 
roseolovirus , Kaposi ' s sarcoma - associated herpesvirus , and or pHCMVgMgN _ VAX1 . The sequence of pHCMVg 
MuHV . MgN _ PVAX1 is set forth in SEQ ID NO : 78 . 

Another aspect of the invention comprises methods of 5 FIG . 4 is a plasmid map of plasmid 3 described in 
generating a multivalent vaccine against a herpes family Example 1 . Plasmid 3 is also referred to as pHCMVgHgL or 
virus , comprising : performing phylogenetic and molecular pHCMVgHgL _ PVAX1 . The sequence of pHCMVgH 
evolutionary analysis to estimate diversity among clinically gL _ pVAX1 is set forth in SEQ ID NO : 79 . 
relevant and publically available target protein sequences of FIG . 5 is a plasmid map of plasmid 4 described in 
the herpes virus ; selecting at least two target protein 10 Example 1 . Plasmid 4 is also referred to as pHCMVgO or 
sequence from the group comprising : a ) a specific , clinically PHCMVgO _ PVAX1 . The sequence of pHCMVgO _ PVAX1 
relevant subgroup of a divergent protein ; or b ) a highly is set forth in SEQ ID NO : 80 . 
conserved protein ; generating a consensus sequence from FIG . 6 is a plasmid map of plasmid 5 described in 
the selected target protein sequences ; and cloning the con - Example 1 . Plasmid 5 is also referred to as pHCMVgUL or 
sensus target protein sequences from the generating step into 15 pHCMVgUL _ PVAX1 . The sequence of pHCM 
one or more expression constructs for formulation of the VgUL _ PVAX1 is set forth in SEQ ID NO : 81 . 
multivalent vaccine . The expression constructs can be for - FIG . 7 is a plasmid map of modified plasmid 1 described 
mulated with known and available pharmaceutically accept - in Example 1 . Modified plasmid 1 is different from plasmid 
able excipients . In some embodiments , the multivalent vac - 1 in that modified plasmid 1 does not contain coding 
cines can also include a known vaccine adjuvant , preferably 20 sequences for HA Tags linked to the coding sequences for 
IL - 12 , IL - 15 , IL - 28 , and RANTES . HCMV g? antigen sequence . Modified plasmid 1 is also 

In some embodiments the herpes family virus is selected referred to as pHCMVgB or pHCMV _ gB _ PVAX1 . The 
from CMV . HSV1 . HSV2 . VZV . CeHV1 . EBV , roseolovi - sequence of pHCMV _ gB _ PVAX1 is set forth in SEQ ID 
rus , Kaposi ' s sarcoma - associated herpesvirus , or MuHV , NO : 82 . NO : 82 . 
and preferably , CMV , HSV1 , HSV2 , CeHV1 or VZV . 25 FIG . 8 is a plasmid map of modified plasmid 3 described 

In some embodiments , the selected target proteins are in Example 1 . Modified plasmid 3 is different from plasmid 
those associated to one another as part of a biological 3 in that modified plasmid 3 does not contain coding 
complex expressed by a herpes virus . Preferably , the sequences for HA Tags linked to the coding sequences for 
selected target proteins are surface antigens , more preferably HCMV gH and gL antigen sequences . Modified plasmid 3 is 
antigens gH , gL , gM , gn , gC , and gD , and even more 30 also referred to as pHCMVgHgL or pHCMV _ gH 
preferably the surface antigens are gH and gl . gL _ PVAX1 . The sequence of pHCMV _ gHgL _ PVAX1 is set 

In some embodiments , the step of selecting the specific , forth in SEQ ID NO : 83 . 
clinically relevant subgroup of a divergent protein further FIG . 9 is a plasmid map of modified plasmid 6 described 
comprises , selecting a clinically relevant strain of the herpes in Example 1 . Modified plasmid 6 is different from plasmid 
virus that has passaged no more than four times in culture , 35 6 ( not shown ) in that modified plasmid 6 does not contain 
and preferably no more than six times . coding sequences for HA Tags linked to the coding 

Aspects of the invention relates to vaccines against sequences for HCMV gU83 antigen sequence . Modified 
viruses of the herpes families which comprise coding plasmid 6 is also referred to as pHCMVgU83 or 
sequence for two or more antigens . In some embodiments , pHCMV _ UL83 _ pVAX1 . The sequence of 
two or more such antigens are provided on the same vector 40 PHCMV _ UL83 _ PVAX1 is set forth in SEQ ID NO : 84 . 
such as a plasmid to ensure co - expression of both antigens FIG . 10 shows data from experiments identifying immu 
in the same cell . Various permutations of antigens are nodominant epitopes of HCMV - gB using plasmid 1 . 
provided as are various arrangements in which multiple FIG . 11 shows data from experiments identifying immu 
plasmids are provided encoding such multiple antigens nodominant epitopes of HCMV - gH and HCMV - gL using 
including embodiments in which two or more such antigens 45 plasmid 3 . 
are provided on the same vector . For example , co - expression FIG . 12 shows data from experiments identifying immu 
of the the combination of gH and gL antigens from HCMV nodominant epitopes of HCMV - gM and HCMV - gN using 
and HSV1 have both been observed to provide antigen plasmid 2 and of HMCV - g0 using plasmid 4 . 
transport to the cell surface which does not occur when FIG . 13 shows data from experiments identifying immu 
proteins are expressed in the absence of each other . Data 50 nodominant epitopes of HCMV - UL83 using modified plas 
show the coexpression of gH and gL provide more effective mid 6 and HCMV - UL131A , HCMV - UL130 , and HCMV 
immune targets than when proteins are expressed in the UL128 using plasmid 5 . 
absence of each other . According to aspects of the invention , FIG . 14 shows neutralizing antibody titers of mouse 
multiple antigens may be delivered as coding sequences to serum from mice immunized with HCMV proteins . The data 
provide effective vaccines . in some embodiments , coding 55 is expressed as a geometric mean of 3 values with 95 % CI . 
sequences for multiple antigens are provided on single Life - extended HFF ( human foreskin fibroblasts ) cells were 
vectors such as single plasmids . used . 

FIG . 15 shows a summary of DNA vaccine data . 
BRIEF DESCRIPTION OF THE FIGURES FIG . 16a - e shows graphs that show ( a ) two groups of 

60 mice were immunized twice with 35 ug of pHCMV - NP in 
FIG . 1 is a map of the pVax1 variant used as a backbone which the genetic sequences differed , derived from the virus 

for plasmids with herpes virus coding sequence inserts . The ( Native ) or optimized for expression in mice ( Optimized ) , 
sequence of the p Vax1 Variant is set forth in SEQ ID NO : 76 . but the encoded amino acids were identical . Splenocytes 

FIG . 2 is a plasmid map of plasmid 1 described in were harvested 8 days after the second immunization and 
Example 1 . Plasmid 1 is also referred to as pHCMVgB or 65 NP - specific T cells were assessed by ELISPOT . ( b ) Mice 
PHCMVgB _ PVAX1 . The sequence of pHCMVgB _ PVAX1 were immunized twice with pHCMV - NP , either with or 
is set forth in SEQ ID NO : 77 . without EP , PVAX with EP ( n = 10 ) , or with 2x105 PFU 
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HCMV i . p . ( n = 5 ) . Mice were challenged with 20LD50 9 , and for the range 6 . 0 - 7 . 0 , the numbers 6 . 0 , 6 . 1 , 6 . 2 , 6 . 3 , 
HCMV i . c . 8 weeks after the second immunization or 6 . 4 , 6 . 5 , 6 . 6 , 6 . 7 , 6 . 8 , 6 . 9 , and 7 . 0 are explicitly contem 
HCMV acute infection and survival data are shown . ( c ) plated . 
Mice were immunized one , two , three or four times with or a . Adjuvant 
without EP , PVAX four times with EP , or HCMV acute 5 “ Adjuvant ” as used herein means any molecule added to 
infected . NP - specific IgG responses were evaluated 7 days the DNA plasmid vaccines described herein to enhance the 
following each immunization , or 60 days post - HCMV infec immunogenicity of the antigens encoded by the DNA plas 
tion , and data are shown . ( d ) Mice were immunized twice mids and the encoding nucleic acid sequences described 
with either 35 ug pHCMV - NP with EP or 45 ug of pHCMV - hereinafter . 
GP with EP , and viral protein - specific T cell immunity was necific T cell immunity was 10 b . Antibody 
assessed 8 days later . ( e ) Mice were given a single injection “ Antibody ” as used herein means an antibody of classes 
of 35 ug of pHCMV - NP with EP or 45 ug of pHCMV - GP IgG , IgM , IgA , IgD or IgE , or fragments , fragments or 
with EP , PVAX with EP ( n = 10 ) , or with 2x10 - PFU HCMV derivatives thereof , including Fab , F ( ab ' ) 2 , Fd , and single 
i . p . ( n = 5 ) and were later challenged with 20LD5 , HCMV i . c . 15 chain antibodies , diabodies , bispecific antibodies , bifunc 
8 weeks after the vaccination or infection . Survival data for tional antibodies and derivatives thereof . The antibody can 
each group of mice are shown . be an antibody isolated from the serum sample of mammal , 

FIG . 17a - j shows schematic of phylogenetic trees of a polyclonal antibody , affinity purified antibody , or mixtures 
HCMV putative vaccine protein immunogens from publi - thereof which exhibits sufficient binding specificity to a 
cally available sources are shown . Amino acid sequences 20 desired epitope or a sequence derived therefrom . 
were multiple - aligned with ClustalW and cluster analysis c . Coding Sequence 
was performed by maximum - likelihood method . The sig “ Coding sequence ” or “ encoding nucleic acid ” as used 
nificance of the unrooted phylogenetic trees was verified by herein means the nucleic acids ( RNA or DNA molecule ) that 
bootstrap analysis and significant support values ( 280 % ; comprise a nucleotide sequence which encodes a protein . 
1 , 000 bootstrap replicates ) are indicated by asterisks at 25 The coding sequence can further include initiation and 
major nodes . Major reported genotypes are illustrated , per - termination signals operably linked to regulatory elements 
centages are amino acid identity positions of all full - length including a promoter and polyadenylation signal capable of 
sequences , and reference strains are indicated ; directing expression in the cells of an individual or mammal 
ADAD169 , DV — Davis , JH — JHC , JP — JP , ML - Mer - to whom the nucleic acid is administered . 
lin , TO Toledo , TN — Towne , VR — VR 1814 . DNA vac - 30 d . Complement 
cine - encoded HCMV immunogens are also shown ( Vac ) . “ Complement ” or “ complementary ” as used herein means 
Scale bars signify distance of amino acids per site and a nucleic acid can mean Watson - Crick ( e . g . , A - T / U and C - G ) 
analyses were conducted using MEGA version 5 . or Hoogsteen base pairing between nucleotides or nucleotide 

FIG . 18a - d shows graphs and images that depict nascent analogs of nucleic acid molecules . 
co - expression of structurally - relevant HCMV immunogens 35 e . Consensus or Consensus Sequence 
induces robust immunity , including a ) a graph of HCMV : “ Consensus ” or “ consensus sequence " as used herein 
gB , gM , gN , gH , gl , gO , UL128 , UL130 , UL131A , and means a polypeptide sequence based on analysis of an 
UL83 domains showing immunicity ( see also FIGS . 10 - 13 alignment of multiple subtypes of a particular herpes family 
for different graphical display of same data ) ; b ) images virus , comprising HCMV , HSV1 , HSV2 , CeHV1 , VZV , 
showing character of immune response ; c ) images for 40 Epstein - Barr virus ( EBV ) , roseolovirus ( or herpes lympho 
HCMV : UL83 , go , gB , gMgN , UL , and gHgL , and d ) tropic virus ) , Kaposi - s sarcoma - associated herpesvirus , and 
percent CD44 + IFNg + T cells for HCMV : UL83 , go , gB , murine gammaherpesvirus ( MuHV - 4 ) , preferably HCMV , 
gMgN , UL , and gHgL . HSV1 , HSV2 , CeHV1 , VZV , and more preferably HCMV , 

FIG . 19a - b shows graphs that neutralization data for : a ) HSV1 , HSV2 , and VZV antigen . Nucleic acid sequences 
50 % neutralization levels for HCMV : GB , gMgN , gHgL , 90 , 45 that encode a consensus polypeptide sequence may be 
UL , and UL83 , and b ) 50 % neutralization levels for CMV prepared . Vaccines comprising proteins that comprise con 
only , seropositive serum , and HCMV - gHgL immunized sensus sequences and / or nucleic acid molecules that encode 
serum . such proteins can be used to induce broad immunity against 

FIG . 20a - b shows graphs that depict neutralization levels multiple subtypes or serotypes of a particular HCMV anti 
for a ) neutralization against HSV - 1 ( strain NS ) by HSV1 - 9B 50 gen . 
and HSV1 - gCgD immunized serum ; and b ) neutralization f . Constant Current 
against HSV - 2 ( strain MS ) by HSV2 - gB and HSV2 - gCgD “ Constant current " as used herein means a current that is 
immunized serum . received or experienced by a tissue , or cells defining said 

tissue , over the duration of an electrical pulse delivered to 
DETAILED DESCRIPTION same tissue . The electrical pulse is delivered from the 

electroporation devices described herein . This current 
1 . Definitions remains at a constant amperage in said tissue over the life of 

an electrical pulse because the electroporation device pro 
The terminology used herein is for the purpose of describ - vided herein has a feedback element , preferably having 

ing particular embodiments only and is not intended to be 60 instantaneous feedback . The feedback element can measure 
limiting . As used in the specification and the appended the resistance of the tissue ( or cells ) throughout the duration 
claims , the singular forms “ a , ” “ an ” and “ the ” include plural of the pulse and cause the electroporation device to alter its 
referents unless the context clearly dictates otherwise . electrical energy output ( e . g . , increase voltage ) so current in 

For recitation of numeric ranges herein , each intervening same tissue remains constant throughout the electrical pulse 
number there between with the same degree of precision is 65 ( on the order of microseconds ) , and from pulse to pulse . In 
explicitly contemplated . For example , for the range of 6 - 9 , some embodiments , the feedback element comprises a con 
the numbers 7 and 8 are contemplated in addition to 6 and troller . 
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g . Current Feedback or Feedback least 20 % , at least 30 % , at least 40 % , at least 50 % , at least 
“ Current feedback ” or “ feedback ” can be used inter 60 % , at least 70 % , at least 80 % , at least 90 % or at least 95 % 

changeably and means the active response of the provided of a consensus protein . 
electroporation devices , which comprises measuring the 1 . Genetic Construct 
current in tissue between electrodes and altering the energy 5 As used herein , the term “ genetic construct ” refers to the 
output delivered by the EP device accordingly in order to DNA or RNA molecules that comprise a nucleotide 
maintain the current at a constant level . This constant level sequence which encodes a protein . The coding sequence 
is preset by a user prior to initiation of a pulse sequence or includes initiation and termination signals operably linked to 
electrical treatment . The feedback can be accomplished by regulatory elements including a promoter and polyade 
the electroporation component , e . g . , controller , of the elec 10 nylation signal capable of directing expression in the cells of 

the individual to whom the nucleic acid molecule is admin troporation device , as the electrical circuit therein is able to istered . As used herein , the term " expressible form ” refers to continuously monitor the current in tissue between elec gene constructs that contain the necessary regulatory ele 
trodes and compare that monitored current ( or current within ments operable linked to a coding sequence that encodes a tissue ) to a preset current and continuously make energy lergy . 15 protein such that when present in the cell of the individual , output adjustments to maintain the monitored current at the coding sequence will be expressed . 
preset levels . The feedback loop can be instantaneous as it m . Identical 
is an analog closed - loop feedback . " Identical ” or “ identity ” as used herein in the context of 

h . Decentralized Current two or more nucleic acids or polypeptide sequences , means 
“ Decentralized current ” as used herein means the pattern 20 that the sequences have a specified percentage of residues 

of electrical currents delivered from the various needle that are the same over a specified region . The percentage can 
electrode arrays of the electroporation devices described be calculated by optimally aligning the two sequences , 
herein , wherein the patterns minimize , or preferably elimi comparing the two sequences over the specified region , 
nate , the occurrence of electroporation related heat stress on determining the number of positions at which the identical 
any area of tissue being electroporated . 25 residue occurs in both sequences to yield the number of 

i . Electroporation matched positions , dividing the number of matched posi 
“ Electroporation , ” “ electro - permeabilization , ” or “ elec - tions by the total number of positions in the specified region , 

tro - kinetic enhancement ” ( “ EP ” ) as used interchangeably and multiplying the result by 100 to yield the percentage of 
herein means the use of a transmembrane electric field pulse sequence identity . In cases where the two sequences are of 
to induce microscopic pathways ( pores ) in a bio - membrane ; 30 30 different lengths or the alignment produces one or more 
their presence allows biomolecules such as plasmids , oligo staggered ends and the specified region of comparison 

includes only a single sequence , the residues of single nucleotides , siRNA , drugs , ions , and water to pass from one sequence are included in the denominator but not the side of the cellular membrane to the other . numerator of the calculation . When comparing DNA and j . Feedback Mechanism 35 RNA , thymine ( T ) and uracil ( U ) can be considered equiva 
“ Feedback mechanism ” as used herein means a process lent . Identity can be performed manually or by using a 

performed by either software or hardware ( or firmware ) , computer sequence algorithm such as BLAST or BLAST 
which process receives and compares the impedance of the 2 . 0 . 
desired tissue ( before , during , and / or after the delivery of n . Impedance 
pulse of energy ) with a present value , preferably current , and 40 “ Impedance ” can be used when discussing the feedback 
adjusts the pulse of energy delivered to achieve the preset mechanism and can be converted to a current value accord 
value . A feedback mechanism can be performed by an ing to Ohm ' s law , thus enabling comparisons with the preset 
analog closed loop circuit . current . 

k . Fragment 0 . Immune Response 
" Fragment " as used herein with respect to nucleic acid 45 “ Immune response ” as used herein means the activation 

sequences means a nucleic acid sequence or a portion of a host ' s immune system , e . g . , that of a mammal , in 
thereof , that encodes a polypeptide capable of eliciting an response to the introduction of antigen such as an herpes 
immune response in a mammal that cross reacts with a full family virus , comprising HCMV , HSV1 , HSV2 , CeHV1 , 
length wild type strain herpes family virus , comprising VZV , Epstein - Barr virus ( EBV ) , roseolovirus ( or herpes 
HCMV , HSV1 , HSV2 , CeHV1 , VZV , Epstein - Barr virus 50 lymphotropic virus ) , Kaposi - s sarcoma - associated herpesvi 
( EBV ) , roseolovirus ( or herpes lymphotropic virus ) , rus , and murine gammaherpesvirus ( MuHV - 4 ) , preferably 
Kaposi - s sarcoma - associated herpesvirus , and murine gam - HCMV , HSV1 , HSV2 , CeHV1 , VZV , and more preferably 
maherpesvirus ( MUHV - 4 ) , preferably HCMV , HSV1 , HCMV , HSV1 , HSV2 , and VZV consensus antigens . The 
HSV2 , CeHV1 , VZV , and more preferably HCMV , HSV1 , immune response can be in the form of a cellular or humoral 
HSV2 , and VZV antigen . The fragments can be DNA 55 response , or both . 
fragments selected from at least one of the various nucleo - p . Nucleic Acid 
tide sequences that encode protein fragments set forth below . “ Nucleic acid ” or “ oligonucleotide ” or “ polynucleotide ” 

" Fragment ” with respect to polypeptide sequences means as used herein means at least two nucleotides covalently 
a polypeptide capable of eliciting an immune response in a linked together . The depiction of a single strand also defines 
mammal that cross reacts with a full length wild type strain 60 the sequence of the complementary strand . Thus , a nucleic 
herpes family virus , comprising HCMV , HSV1 , HSV2 , acid also encompasses the complementary strand of a 
CeHV1 , VZV , Epstein - Barr virus ( EBV ) , roseolovirus ( or depicted single strand . Many variants of a nucleic acid can 
herpes lymphotropic virus ) , Kaposi - s sarcoma - associated be used for the same purpose as a given nucleic acid . Thus , 
herpesvirus , and murine gammaherpesvirus ( MuHV - 4 ) , a nucleic acid also encompasses substantially identical 
preferably HCMV , HSV1 , HSV2 , CeHV1 , VZV , and more 65 nucleic acids and complements thereof . A single strand 
preferably HCMV , HSV1 , HSV2 , and VZV antigen . Frag - provides a probe that can hybridize to a target sequence 
ments of consensus proteins may comprise at least 10 % , at under stringent hybridization conditions . Thus , a nucleic 
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acid also encompasses a probe that hybridizes under strin - N terminal of SEQ ID NO : 2 . The N terminal residue of SEQ 
gent hybridization conditions . TD NO : 2 can be anything but if it is encoded by an initiation 
Nucleic acids can be single stranded or double stranded , sequence it is methionine . the linkage of the signal peptidel 

or can contain portions of both double stranded and single leader sequence at the N terminal of SEQ ID NO : 2 elimi 
stranded sequence . The nucleic acid can be DNA , both 5 nates an N terminal methionine . As used herein , it is 
genomic and cDNA , RNA , or a hybrid , where the nucleic intended that SEQ ID NO : 22 comprises SEQ ID NO : 2 with 
acid can contain combinations of deoxyribo - and ribo - a signal peptide / leader sequence linked at the N terminal of 
nucleotides , and combinations of bases including uracil , SEQ ID NO : 2 notwithstanding the elimination of the N 
adenine , thymine , cytosine , guanine , inosine , xanthine terminus Xaa residue of SEQ ID NO : 2 . Similarly , the coding 
hypoxanthine , isocytosine and isoguanine . Nucleic acids can 10 sequences for SEQ ID NO : 22 comprise coding sequences 
be obtained by chemical synthesis methods or by recombi for SEQ ID NO : 2 with coding sequences for a signal 
nant methods . peptide / leader sequence linked to the 5 ' end of the coding 

q . Operably Linked sequences encoding SEQ ID NO : 2 . The initiation codon 
" Operably linked ” as used herein means that expression may be the nnn in the coding sequences for SEQ ID NO : 2 

of a gene is under the control of a promoter with which it is 15 but it is eliminated when the coding sequences for a signal 
spatially connected . A promoter can be positioned 5 ' ( up - peptide / leader sequence linked to the 5 ' end of the coding 
stream ) or 3 ' ( downstream ) of a gene under its control . The sequences encoding SEQ ID NO : 2 . As used herein , it is 
distance between the promoter and a gene can be approxi - intended that coding sequences for SEQ ID NO : 22 com 
mately the same as the distance between that promoter and prises coding sequences for SEQ ID NO : 2 with coding 
the gene it controls in the gene from which the promoter is 20 sequences for a signal peptide / leader sequence linked at the 
derived . As is known in the art , variation in this distance can 5 ' end of the coding sequence of SEQ ID NO : 2 where nnn 
be accommodated without loss of promoter function . occurs . Thus , for example , it is intended that SEQ ID NO : 21 

r . Promoter comprises SEQ ID NO : 1 with coding sequences for a signal 
“ Promoter ” as used herein means a synthetic or naturally peptide / leader sequence linked at the 5 ' end of SEQ ID 

derived molecule which is capable of conferring , activating 25 NO : 1 , in place of the nnn . In some embodiments , the nnn is 
or enhancing expression of a nucleic acid in a cell . A an initiation codon at the 5 ' end of SEQ ID NO : 1 . It is further 
promoter can comprise one or more specific transcriptional intended that SEQ ID NOs : 2 , 4 , 6 , 8 , 10 , 12 14 , 16 , 18 and 
regulatory sequences to further enhance expression and / or to 20 are provided free of then terminal Xaa and that SEO ID 
alter the spatial expression and / or temporal expression of NOs : 1 , 3 , 5 , 7 , 9 , 11 13 , 15 , 17 and 19 are provided free the 
same . A promoter can also comprise distal enhancer or 30 nnn . 
repressor elements , which can be located as much as several t . Stringent Hybridization Conditions 
thousand base pairs from the start site of transcription . A “ Stringent hybridization conditions ” as used herein means 
promoter can be derived from sources including viral , bac - conditions under which a first nucleic acid sequence ( e . g . , 
terial , fungal , plants , insects , and animals . A promoter can probe ) will hybridize to a second nucleic acid sequence ( e . g . , 
regulate the expression of a gene component constitutively , 35 target ) , such as in a complex mixture of nucleic acids . 
or differentially with respect to cell , the tissue or organ in Stringent conditions are sequence - dependent and will be 
which expression occurs or , with respect to the develop - different in different circumstances . Stringent conditions can 
mental stage at which expression occurs , or in response to be selected to be about 5 - 10° C . lower than the thermal 
external stimuli such as physiological stresses , pathogens , melting point ( Tm ) for the specific sequence at a defined 
metal ions , or inducing agents . Representative examples of 40 ionic strength pH . The Tm can be the temperature ( under 
promoters include the bacteriophage 17 promoter , bacterio - defined ionic strength , pH , and nucleic concentration ) at 
phage T3 promoter , SP6 promoter , lac operator - promoter , which 50 % of the probes complementary to the target 
tac promoter , SV40 late promoter , SV40 early promoter , hybridize to the target sequence at equilibrium ( as the target 
RSV - LTR promoter , CMV IE promoter , SV40 early pro sequences are present in excess , at Tm , 50 % of the probes are 
moter or SV40 late promoter and the CMV 1E promoter . 45 occupied at equilibrium ) . Stringent conditions can be those 

s . Signal Peptide in which the salt concentration is less than about 1 . 0 M 
“ Signal peptide and leader sequence ” are used inter - sodium ion , such as about 0 . 01 - 1 . 0 M sodium ion concen 

changeably herein and refer to an amino acid sequence at the tration ( or other salts ) at pH 7 . 0 to 8 . 3 and the temperature 
amino terminus of an herpes family virus , comprising is at least about 30° C . for short probes ( e . g . , about 10 - 50 
HCMV , HSV1 , HSV2 , CeHV1 , VZV , Epstein - Barr virus 50 nucleotides ) and at least about 60° C . for long probes ( e . g . , 
( EBV ) , roseolovirus ( or herpes lymphotropic virus ) , greater than about 50 nucleotides ) . Stringent conditions can 
Kaposi - s sarcoma - associated herpesvirus , and murine gam - also be achieved with the addition of destabilizing agents 
maherpesvirus ( MuHV - 4 ) , preferably HCMV , HSV1 , such as formamide . For selective or specific hybridization , a 
HSV2 , CeHV1 , VZV , and more preferably HCMV , HSV1 , positive signal can be at least 2 to 10 times background 
HSV2 , and VZV protein . Signal peptides / leader sequences 55 hybridization . Exemplary stringent hybridization conditions 
typically direct localization of a protein . Signal peptides / include the following : 50 % formamide , 5xSSC , and 1 % 
leader sequences used herein preferably facilitate secretion SDS , incubating at 42° C . , or , 5xSSC , 1 % SDS , incubating 
of a protein from the cell in which it is produced . Signal at 65° C . , with wash in 0 . 2xSSC , and 0 . 1 % SDS at 65° C . 
peptides / leader sequences are often cleaved from the u . Substantially Complementary 
remainder of the protein , often referred to as the mature 60 " Substantially complementary ” as used herein means that 
protein , upon secretion from the cell . Signal peptides / leader a first sequence is at least 60 % , 65 % , 70 % , 75 % , 80 % , 85 % , 
sequences are linked at the N terminus of the protein . As 90 % , 95 % , 97 % , 98 % or 99 % identical to the complement 
referred to herein with regard to linking a signal peptide or of a second sequence over a region of 8 , 9 , 10 , 11 , 12 , 13 , 
leader sequence to the N terminus of a protein , the signal 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 30 , 35 , 40 , 45 , 
peptide / leader sequence replaces the N terminal methionine 65 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , 180 , 270 , 360 , 
of a protein . Thus for example , SEQ ID NO : 22 is SEQ ID 450 , 540 , 630 , 720 , 810 , 900 , 990 , 1080 , 1170 , 1260 , 1350 , 
NO : 2 with the signal peptide / leader sequence linked at the 1440 , 1530 , 1620 , 1710 , 1800 , 1890 , 1980 , 2070 or more 



US 9 , 994 , 619 B2 
17 

nucleotides or amino acids , or that the two sequences acids , as revealed by the hydrophobicity , hydrophilicity , 
hybridize under stringent hybridization conditions . charge , size , and other properties . 

v . Substantially Identical y . Vector 
“ Substantially identical ” as used herein means that a first “ Vector ” as used herein means a nucleic acid sequence 

and second sequence are at least 60 % , 65 % , 70 % , 75 % , 5 containing an origin of replication . A vector can be a vector , 
80 % . 85 % , 90 % , 95 % , 97 % 98 % or 99 % identical over a bacteriophage , bacterial artificial chromosome or yeast arti 
region of 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , ficial chromosome . A vector can be a DNA or RNA vector . 
22 , 23 , 24 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , A vector can be a self - replicating extrachromosomal vector , 
90 , 95 , 100 , 180 , 270 , 360 , 450 , 540 , 630 , 720 , 810 , 900 , and preferably , is a DNA plasmid . 
990 , 1080 , 1170 , 1260 , 1350 , 1440 , 1530 , 1620 , 1710 , 1800 , 
1890 , 1980 , 2070 or more nucleotides or amino acids , or 2 . Herpes Viruses , Including HCMV , HSV1 , HSV2 , 

CeHV1 , and VZV , Antigens with respect to nucleic acids , if the first sequence is sub 
stantially complementary to the complement of the second In an aspect of the present invention , provided is a sequence . 15 methodology to generate novel herpes virus antigens , useful 

w . Subtype or Serotype across the various herpes family viruses , to increase the 
" Subtype ” or “ serotype ” : as used herein , interchangeably , potential breadth of immunity elicited by each viral antigen 

and in reference to herpes virus , means genetic variants of ( Ag ) 
an herpes virus such that one subtype is recognized by an Phylogenetic diversity was first examined to assess poly 
immune system apart from a different subtype . 20 morphism and to aid in the production of clinically - relevant 

x . Variant consensus amino acid sequences . Phylogenetic and molecu 
" Variant ” used herein with respect to a nucleic acid means lar evolutionary analyses can be conducted using MEGA 

( i ) a portion or fragment of a referenced nucleotide version 5 ( Tamura , Peterson , Stecher , Nei , and Kumar 2011 ) 
sequence ; ( ii ) the complement of a referenced nucleotide to estimate diversity among clinically relevant and publi 
sequence or portion thereof ; ( iii ) a nucleic acid that is 25 cally available herpes target protein sequences used for 
substantially identical to a referenced nucleic acid or the generating consensus vaccine Ags . Neighbor - joining phylo 
complement thereof ; or ( iv ) a nucleic acid that hybridizes genetic reconstruction analysis using the bootstrap method 
under stringent conditions to the referenced nucleic acid , with 1 , 000 bootstrap replications can be used to generate 
complement thereof , or a sequences substantially identical bootstrap consensus trees with radiation view . 
thereto . 30 Strategies for generating the consensus amino acid 

“ Variant ” with respect to a peptide or polypeptide that sequences for each herpes immunogen are outlined , below , 
differs in amino acid sequence by the insertion , deletion , or in the examples . In general , consensus sequences from 
conservative substitution of amino acids , but retain at least highly conserved herpes proteins can be used for vaccine 
one biological activity . Variant can also mean a protein with immunogens while consensus sequences from specific , 
an amino acid sequence that is substantially identical to a 35 clinically relevant subgroups can be used for the highly 
referenced protein with an amino acid sequence that retains divergent proteins . 
at least one biological activity . A conservative substitution of Amino acid sequences of herpes vaccine proteins can be 
an amino acid , i . e . , replacing an amino acid with a different generated by taking the consensus of publically available 
amino acid of similar properties ( e . g . , hydrophilicity , degree ( GenBank ) and clinically relevant strains ( passaged no more 
and distribution of charged regions ) is recognized in the art 40 than six times in tissue culture ) using Vector NTI software 
as typically involving a minor change . These minor changes ( Invitrogen ) for sequence alignment . Preferably , the anti 
can be identified , in part , by considering the hydropathic gens can be combined in a vaccine formulation as multiple 
index of amino acids , as understood in the art . Kyte et al . , J . vectors having single antigen or single vector having mul 
Mol . Biol . 157 : 105 - 132 ( 1982 ) . The hydropathic index of an tiple antigens therein , whether 2 or more antigens . In some 
amino acid is based on a consideration of its hydrophobicity 45 embodiments , more than 2 or more of the specific herpes 
and charge . It is known in the art that amino acids of similar virus antigens are present in one vaccine formulation . When 
hydropathic indexes can be substituted and still retain pro - multiple antigens are present on a vector ( for example a 
tein function . In one aspect , amino acids having hydropathic DNA plasmid , e . g . , PHCMV - gHgL or HSV1 - gHgL ) such 
indexes of + 2 are substituted . The hydrophilicity of amino antigens are separated by a cleavage site , preferably a furin 
acids can also be used to reveal substitutions that would 50 site , e . g . , SEQ ID NO : 63 , for the co - expression of structur 
result in proteins retaining biological function . A consider ally - relevant macromolecules . Genetic optimization of 
ation of the hydrophilicity of amino acids in the context of DNA vaccines included codon and RNA optimization for 
a peptide permits calculation of the greatest local average protein expression in humans and all genes were synthesized 
hydrophilicity of that peptide , a useful measure that has been and subcloned into a modified PVAX1 mammalian expres 
reported to correlate well with antigenicity and immunoge - 55 sion vector ( GeneArt , Regensburg , Germany or GenScript , 
nicity . U . S . Pat . No . 4 , 554 , 101 , incorporated fully herein by Piscataway , N . J . ) . 
reference . Substitution of amino acids having similar hydro - In another aspect , provided herein are antigens capable of 
philicity values can result in peptides retaining biological eliciting an immune response in a mammal against one or 
activity , for example immunogenicity , as is understood in more herpes viruses , including HCMV , HSV1 , HSV2 , 
the art . Substitutions can be performed with amino acids 60 CeHV1 , and VZV , serotypes . The antigen can comprise 
having hydrophilicity values within + 2 of each other . Both epitopes that make them particularly effective as immuno 
the hyrophobicity index and the hydrophilicity value of gens against which anti - herpes virus immune responses can 
amino acids are influenced by the particular side chain of be induced . The herpes virus antigen can comprise the full 
that amino acid . Consistent with that observation , amino length translation product , a variant thereof , a fragment 
acid substitutions that are compatible with biological func - 65 thereof or a combination thereof . The herpes virus antigen 
tion are understood to depend on the relative similarity of the can be a wild type sequence or a consensus sequence derived 
amino acids , and particularly the side chains of those amino from multiple different sequences . 
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Various nucleic acid sequences encoding different herpes protein HSV1 - gH ( N - terminal region up to position 838 of 
viruses , including HCMV , HSV1 , HSV2 , CeHV1 , and VZV , SEQ ID NO : 87 ) , a consensus protein HSV1 - gL ( C - terminal 
proteins have been identified for use alone or in various region from position 846 of SEQ ID NO : 87 ) , a consensus 
combinations as part of a vaccine against herpes viruses that protein HSV1 - gC ( N - terminal region up to position 511 of 
can induce an immune response against the immunogenic 5 SEQ ID NO : 89 ) , a consensus protein HSV1 - 9D ( C - terminal 
protein and be used in prophylactic and therapeutic vac region from position 519 of SEQ ID NO : 89 ) , a consensus 
cines . Alternatively , the proteins themselves may be used . protein HSV2 - 9B ( SEQ ID NO : 91 ) , a consensus protein 
The immunogenic proteins include gB , GM , gN , gH , GL , 90 , HSV2 - gH ( N - terminal region up to position 838 of SEQ ID 
gE , gl , gk , gC , gD , UL128 , UL130 , UL - 131A , UL - 83 NO : 93 ) , a consensus protein HSV2 - 3L ( C - terminal region 
( pp65 ) , whether from HCMV , HSV1 , HSV2 , CeHV1 , or 10 from position 846 of SEQ ID NO : 93 ) , a consensus protein 
VZV , and vaccines may comprise one or more immunogenic HSV2 - gC ( N - terminal region up to position 480 of SEQ ID 
proteins selected from this group and / or vaccines may NO : 95 ) , a consensus protein HSV2 - 9D ( C - terminal region 
comprise one or more nucleic acid sequences that encode from position 488 of SEQ ID NO : 95 ) , a consensus protein 
one or more immunogenic proteins selected from this group . VZV - gB ( SEQ ID NO : 97 ) , a consensus protein VZV - gH 

In view of evolutionary divergence from clinical isolates 15 ( N - terminal region up to position 841 of SEQ ID NO : 99 ) , a 
and extensive genetic differences among prevalent circulat - consensus protein VZV - gL ( C - terminal region from position 
ing human strains consensus amino acid sequences for each 849 of SEQ ID NO : 99 ) , a consensus protein VZV - OM 
of immunogenic proteins have been generated . Consensus ( N - terminal region up to position 435 of SEQ ID NO : 101 ) , 
amino acid sequences for gB , gM , gH , gl , gE , gl , gK , gC , a consensus protein VZV - GN ( C - terminal region from posi 
gD , UL128 , UL130 , UL - 131A and UL - 83 ( pp65 ) were 20 tion 443 of SEQ TD NO : 101 ) , a consensus protein CeHV1 
based upon sequences from human clinical isolates as of the gB ( SEQ TD NO : 103 ) , a consensus protein CeHV1 - gH 
beginning of 2010 . Due to the great evolutionary divergence ( N - terminal region up to position 858 of SEQ ID NO : 105 ) , 
of the gN protein , the consensus sequence was generated a consensus protein CeHV1 - gL ( C - terminal region from 
from only one ( gN - 4c ) of seven serotypes that represents the position 866 of SEQ ID NO : 105 ) , a consensus protein 
most sero - prevalent ( gN - 4 ) . Similarly , in the case go , a 25 CeHV1 - gC ( N - terminal region up to position 467 of SEQ ID 
consensus amino acid sequences was generated from one NO : 107 ) , a consensus protein CeHV1 - gD ( C - terminal 
( gO - 5 ) of eight sero - types due to that particular serotypes region from position 475 of SEQ ID NO : 107 ) , a consensus 
reported linkage with the gN - 4c sero - type . protein VZV - gE ( N - terminal region up to position 623 of 

In some embodiments , consensus herpes virus antigens SEQ ID NO : 109 ) , a consensus protein VZV - gl ( C - terminal 
may be provided with a signal peptide . In some embodi - 30 region from position 631 of SEQ ID NO : 109 ) , a consensus 
ments , the IgE leader ( SEQ ID NO : 61 ) is linked to the N protein VZV - gC ( SEQ ID NO : 111 ) , and a consensus protein 
terminus . As described herein , when referring to a signal VZV - gK ( SEQ ID NO : 113 ) are provided . Amino acid 
peptide linked to the N terminus of a consensus sequence , it sequences were generated which comprised in each particu 
is intended to specifically include embodiments in which the lar instance , the IgE leader sequence at the N terminus of the 
N terminal Xaa residue of the consensus sequences is 35 herpes virus immunogenic protein consensus sequences . 
replaced with a signal peptide . That is , as used herein Xaa Thus , also provided are a protein with an IgE leader linked 
is intended to refer to any amino acid or no amino acid . The to consensus protein HCMV - GB ( SEQ ID NO : 22 ) , a protein 
proteins which comprise a consensus sequence set forth with an IgE leader linked to consensus protein HCMV - GM 
herein SEQ ID NOs : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 85 , 91 , ( SEQ ID NO : 24 ) , a protein with an IgE leader linked to 
97 , 103 , 111 , and 113 , and proteins HSV1 - gH , HSV1 - gL , 40 consensus protein HCMV - ON ( SEQ ID NO : 26 ) , a protein 
HSV1 - gC , HSV1 - gD , HSV2 - gH , HSV2 - gL , HSV2 - gC , with an IgE leader linked to consensus protein HCMV - gH 
HSV2 - gD , VZV - gH , VZV - GL , VZV - OM , VZV - gN , CeHV1 - ( SEQ ID NO : 28 ) , a protein with an IgE leader linked to 
gH , CeHV1 - gL , CeHV1 - gC , CeHV1 - gD , VZV - gE , and consensus protein HCMV - gL ( SEQ ID NO : 30 ) , a protein 
VZV - gl , may comprise those sequences free of the N with an IgE leader linked to consensus protein HCMV - GO 
terminal Xaa . 45 ( SER ID NO : 32 ) , a protein with an IgE leader linked to 

In some embodiments , the herpes virus antigens , whether consensus protein HCMV - UL128 ( SEQ ID NO : 34 ) , a pro 
with or without a signal peptide , may comprise an antigenic tein with an IgE leader linked to consensus protein HCMV 
tag such as the HA Tag ( SEQ ID NO : 62 which is induced in UL130 ( SEQ ID NO : 36 ) , a protein with an IgE leader linked 
each of SEQ ID NOs : 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and to consensus protein HCMV - UL - 131A ( SEQ ID NO : 38 ) , a 
60 ) . The antigenic tags can be used to detect expression . The 50 protein with an IgE leader linked to consensus protein 
HA Tag is a common antigenic tag used for this purpose . HCMV - UL - 83 ( pp65 ) ( SEQ ID NO : 40 ) . IgE leader used is 
Further , one or more proteins set forth above may be linked ( SEQ ID NO : 62 ) . Embodiments are also provided in which 
to each other to form a fusion protein . In some examples , the HA tags are linked at the C terminus of the consensus 
proteins are linked by way of a proteolytic cleavage site such sequence . Accordingly , a protein with an IgE leader linked 
as the furin site ( SEO ID NO : 63 which is included in each 55 to consensus protein HCMV - gB with an HA Tag at the C 
of SEQ ID NOs : 65 , 67 , 69 , 71 , 73 , 75 , 87 , 89 , 93 , 95 , 99 , terminal ( SEQ ID NO : 42 ) , a protein with an IgE leader 
101 , 105 , 107 , and 109 ) . ) linked to consensus protein HCMV - OM ( SEO ID NO : 44 ) , a 

A consensus protein HCMV - GB ( SEQ ID NO : 2 ) , a con protein with an IgE leader linked to consensus protein 
sensus protein HCMV - OM ( SEQ ID NO : 4 ) , a consensus HCMV - ON ( SEO ID NO : 46 ) , a protein with an IgE leader 
protein HCMV - ON ( SEQ ID NO : 6 ) , a consensus protein 60 linked to consensus protein HCMV - GH ( SEQ ID NO : 48 ) , a 
HCMV - GH ( SEQ ID NO : 8 ) , a consensus protein HCMV - gL protein with an IgE leader linked to consensus protein 
( SEO ID NO : 10 ) , a consensus protein HCMV - 90 ( SEO ID HCMV - gL ( SEO ID NO : 50 ) , a protein with an IgE leader 
NO : 12 ) , a consensus protein HCMV - UL128 ( SEQ ID linked to consensus protein HCMV - GO ( SEQ ID NO : 52 ) , a 
NO : 14 ) , a consensus protein HCMV - UL130 ( SEQ ID NO : protein with an IgE leader linked to consensus protein 
16 ) , a consensus protein HCMV - UL - 131A ( SEQ ID NO : 18 ) , 65 HCMV - UL128 ( SEQ ID NO : 54 ) , a protein with an IgE 
a consensus protein HCMV - UL - 83 ( pp65 ) ( SEQ ID NO : 20 ) , leader linked to consensus protein HCMV - UL130 ( SEQ ID 
a consensus protein HSV1 - gB SEQ ID NO : 85 , a consensus NO : 56 ) , a protein with an IgE leader linked to consensus 
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protein HCMV - UL - 131A ( SEQ TD NO : 58 ) , a protein with SEQ TD NO : 12 , SEQ TD NO : 14 , SEQ TD NO : 16 , SEQ TD 
an IgE leader linked to consensus protein HCMV - UL - 83 NO : 18 , SEQ ID NO : 20 , SEQ ID NO : 22 , SEQ ID NO : 24 , 
( pp65 ) ( SEQ ID NO : 60 ) are also provided . In some embodi SEQ ID NO : 26 , SEQ ID NO : 28 , SEQ ID NO : 30 , SEQ ID 
ments , nucleic acid constructs are provided in which two or NO : 32 , SEQ ID NO : 34 , SEQ ID NO : 36 , SEQ ID NO : 38 , 
more herpes virus antigens are expressed as fusion proteins 5 SEQ ID NO : 40 , SEQ ID NO : 42 , SEQ ID NO : 44 , SEQ ID 
linked to each other by proteolytic cleavage sites . A furin NO : 46 , SEQ ID NO : 48 , SEQ ID NO : 50 , SEQ ID NO : 52 , 
proteolytic cleavage site ( SEQ ID NO : 63 ) is an example of SEQ ID NO : 54 , SEQ ID NO : 56 , SEQ ID NO : 58 , SEQ ID 
a proteolytic cleavage site which may link herpes virus NO : 60 , a consensus protein HSV1 - gB SEQ TD NO : 85 , a 
antigens in a fusion protein expressed by a construct . consensus protein HSV1 - gH ( N - terminal region up to posi 

Proteins may be homologous to any of the protein 10 tion 838 of SEQ ID NO : 87 ) , a consensus protein HSV1 - gL 
sequences provided herein for each of the specific consensus ( C - terminal region from position 846 of SEQ ID NO : 87 ) , a 
antigens . Some embodiments relate to immunogenic pro consensus protein HSV1 - gC ( N - terminal region up to posi 
teins that have 95 % homology to the consensus protein tion 511 of SEQ ID NO : 89 ) , a consensus protein HSV1 - gD 
sequences herein . Some embodiments relate to immuno - ( C - terminal region from position 519 of SEQ ID NO : 89 ) , a 
genic proteins that have 96 % homology to the consensus 15 consensus protein HSV2 - 9B ( SEQ ID NO : 91 ) , a consensus 
protein sequences herein . Some embodiments relate to protein HSV2 - gH ( N - terminal region up to position 838 of 
immunogenic proteins that have 97 % homology to the SEQ ID NO : 93 ) , a consensus protein HSV2 - gL ( C - terminal 
consensus protein sequences herein . Some embodiments region from position 846 of SEQ ID NO : 93 ) , a consensus 
relate to immunogenic proteins that have 95 % homolody , or protein HSV2 - gC ( N - terminal region up to position 480 of 
98 % homology in some instances , to the consensus protein 20 SEQ ID NO : 95 ) , a consensus protein HSV2 - 3D ( C - terminal 
sequences herein . Some embodiments relate to immuno region from position 488 of SEQ ID NO : 95 ) , a consensus 
genic proteins that have 99 % homology to the consensus protein VZV - gB ( SEQ ID NO : 97 ) , a consensus protein 
protein sequences herein . VZV - gH ( N - terminal region up to position 841 of SEQ ID 

Fragments of consensus proteins may comprise at least NO : 99 ) , a consensus protein VZV - OL ( C - terminal region 
10 % , at least 15 % , at least 20 % , at least 25 % , at least 30 % , 25 from position 849 of SEQ ID NO : 99 ) , a consensus protein 
at least 35 % , at least 40 % , at least 45 % , at least 50 % or at VZV - gM ( N - terminal region up to position 435 of SEQ ID 
least 55 % at least 60 % , at least 65 % , at least 70 % , at least NO : 101 ) , a consensus protein VZV - gN ( C - terminal region 
75 % , at least 80 % , at least 85 % , at least 90 % , at least 95 % , from position 443 of SEQ ID NO : 101 ) , a consensus protein 
at least 96 % , at least 97 % , at least 98 % or at least 99 % of CeHV1 - 9B ( SEQ ID NO : 103 ) , a consensus protein CeHV1 
a consensus protein Immunogenic fragments of any of the 30 gH ( N - terminal region up to position 858 of SEQ ID 
protein sequences provided herein for each of the specific NO : 105 ) , a consensus protein CeHV1 - gL ( C - terminal 
consensus antigens may be provided Immunogenic frag - region from position 866 of SEQ ID NO : 105 ) , a consensus 
ments may comprise at least 10 % , at least 15 % , at least 20 % , protein CeHV1 - 9C ( N - terminal region up to position 467 of 
at least 25 % , at least 30 % , at least 35 % , at least 40 % , at least SEQ ID NO : 107 ) , a consensus protein CeHV1 - 9D ( C - ter 
45 % , at least 50 % or at least 55 % at least 60 % , at least 65 % , 35 minal region from position 475 of SEQ ID NO : 107 ) , a 
at least 70 % , at least 75 % , at least 80 % , at least 85 % , at least consensus protein VZV - gE ( N - terminal region up to position 
90 % , at least 95 % , at least 96 % , at least 97 % , at least 98 % 623 of SEQ ID NO : 109 ) , a consensus protein VZV - g1 
or at least 99 % of any of the protein sequences provided ( C - terminal region from position 631 of SEQ ID NO : 109 ) , 
herein for each of the specific consensus antigens . a consensus protein VZV - gC ( SEQ ID NO : 111 ) , and a 

Immunogenic fragments of proteins with amino acid 40 consensus protein VZV - gK ( SEQ ID NO : 113 ) as well as 
sequences homologous immunogenic fragments of any of homologous protein , immunogenic fragment and immuno 
the protein sequences provided herein for each of the genic fragments of homologous proteins can be generated 
specific consensus antigens may be provided . Such immu - routinely . Thus , nucleic acid molecules that encode immu 
nogenic fragments may comprise at least 10 % , at least 15 % , nogenic proteins that have up to 95 % homology to a 
at least 20 % , at least 25 % , at least 30 % , at least 35 % , at least 45 consensus sequence , up to 96 % homology to a consensus 
40 % , at least 45 % , at least 50 % or at least 55 % at least 60 % , sequence , up to 96 % homology to a consensus sequence , up 
at least 65 % , at least 70 % , at least 75 % , at least 80 % , at least to 97 % homology to a consensus sequence , up to 98 % 
85 % , at least 90 % , at least 95 % , at least 96 % , at least 97 % , homology to a consensus sequence and up to 99 % may be 
at least 98 % or at least 99 % of proteins that are 95 % provided . Likewise , nucleic acid sequences encoding the 
homologous to any of the protein sequences provided herein 50 immunogenic fragments set forth herein and the immuno 
for each of the specific consensus antigens . Some embodi - genic fragments of protein homologous to the proteins set 
ments relate to immunogenic fragments that have 96 % forth herein are also provided . 
homology to the immunogenic fragments of consensus Nucleic acid molecules encoding the consensus amino 
protein sequences herein . Some embodiments relate to acid sequences were generated . Vaccines may comprise one 
immunogenic fragments that have 97 % homology to the 55 or more nucleic acid sequences that encode one or more of 
immunogenic fragments of consensus protein sequences the consensus versions of the immunogenic proteins selected 
herein . Some embodiments relate to immunogenic frag from this group of sequences generated to optimize stability 
ments that have 95 % homology , or 98 % homology in some and expression in humans . Nucleic acid sequence encoding 
instances , to the immunogenic fragments of consensus pro - consensus protein HCMV - GB ( SEQ ID NO : 1 ) , nucleic acid 
tein sequences herein . Some embodiments relate to immu - 60 sequence encoding consensus protein HCMV - GM ( SEQ ID 
nogenic fragments that have 99 % homology to the immu - NO : 3 ) , nucleic acid sequence encoding consensus protein 
nogenic fragments of consensus protein sequences herein . HCMV - GN ( SEQ ID NO : 5 ) , nucleic acid sequence encoding 

consensus protein HCMV - GH ( SEO ID NO : 7 ) , nucleic acid 
3 . Genetic Sequences , Constructs and Plasmids sequence encoding consensus protein HCMV - GL ( SEQ ID 

65 NO : 9 ) , nucleic acid sequence encoding consensus protein 
Nucleic acid sequences encoding the SEQ ID NO : 2 , SEQ HCMV - GO ( SEQ ID NO : 11 ) , nucleic acid sequence encod 

ID NO : 4 , SEQ ID NO : 6 , SEQ TD NO : 8 , SEQ TD NO : 10 , ing consensus protein HCMV - UL128 ( SEQ ID NO : 13 ) , 
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nucleic acid sequence encoding consensus protein HCMV acid sequence encoding IgE leader linked to consensus 
UL130 ( SEQ ID NO : 15 ) , nucleic acid sequence encoding protein HCMV - UL130 ( SEQ ID NO : 35 ) , nucleic acid 
consensus protein HCMV - UL - 131A ( SEQ ID NO : 17 ) , sequence encoding IgE leader linked to consensus protein 
nucleic acid sequence encoding consensus protein HCMV HCMV - UL - 131A ( SEQ ID NO : 37 ) , nucleic acid sequence 
UL - 83 ( pp65 ) ( SEQ ID NO : 19 ) , nucleic acid sequence 5 encoding IgE leader linked to consensus protein HCMV 
encoding consensus protein HSV1 - 9B ( SEQ ID NO : 86 ) , UL - 83 ( pp65 ) ( SEQ ID NO : 39 ) , are provided . The nucleic 
nucleic acid sequence encoding consensus protein HSV1 - acid sequence encoding IgE leader ( DNA encoding SEQ ID 
gH ( N - terminal portion of SEQ ID NO : 88 , before furin site ) , NO : 61 ) . The nucleic acid sequence encoding IgE leader 
nucleic acid sequence encoding consensus protein HSV1 - gL linked to consensus protein HCMV - GB with an HA Tag at 
( C - terminal portion of SEQ ID NO : 88 , after furin site ) , 10 the C terminus ( SEQ ID NO : 42 ) , nucleic acid sequence 
nucleic acid sequence encoding consensus protein HSV1 - gC encoding IgE leader linked to consensus protein HCMV - OM 
( N - terminal portion of SEQ ID NO : 90 , prior to furin site ) , with an HA Tag at the C terminus ( SEQ ID NO : 43 ) , nucleic 
nucleic acid sequence encoding consensus protein HSV1 - acid sequence encoding IgE leader linked to consensus 
gD ( C - terminal portion of SEQ ID NO : 90 , after faring site ) , protein HCMV - GN with an HA Tag at the C terminus ( SEQ 
nucleic acid sequence encoding consensus protein HSV2 - gB 15 ID NO : 45 ) , nucleic acid sequence encoding IgE leader 
( SEQ ID NO : 92 ) , nucleic acid sequence encoding consensus linked to consensus protein HCMV - GH with an HA Tag at 
protein HSV2 - gH ( N - terminal portion of SEO ID NO : 94 , the C terminus ( SEO ID NO : 47 ) , nucleic acid sequence 
prior to furin site ) , nucleic acid sequence encoding consen encoding IgE leader linked to consensus protein HCMV - gL 
sus protein HSV2 - gL ( C - terminal portion of SEQ ID NO : 94 , with an HA Tag at the C terminus ( SEQ ID NO : 49 ) , nucleic 
after furin site ) , nucleic acid sequence encoding consensus 20 acid sequence encoding IgE leader linked to consensus 
protein HSV2 - gC ( N - terminal portion of SEQ ID NO : 96 , protein HCMV - go with an HA Tag at the C terminus ( SEQ 
prior to furin site ) , nucleic acid sequence encoding consen - ID NO : 51 ) , nucleic acid sequence encoding IgE leader 
sus protein HSV2 - gD ( C - terminal portion of SEQ ID linked to consensus protein HCMV - UL128 with an HA Tag 
NO : 96 , after furin site ) , nucleic acid sequence encoding at the C terminus ( SEQ ID NO : 53 ) , nucleic acid sequence 
consensus protein VZV - gB ( SEQ ID NO : 98 ) , nucleic acid 25 encoding IgE leader linked to consensus protein HCMV 
sequence encoding consensus protein VZV - gH ( N - terminal UL130 with an HA Tag at the HCMV - C terminus ( SEQ ID 
portion of SEQ ID NO : 100 , prior to furin site ) , nucleic acid NO : 55 ) , nucleic acid sequence encoding IgE leader linked to 
sequence encoding consensus protein VZV - OL ( C - terminal consensus protein HCMV - UL - 131A with an HA Tag at the 
portion of SEQ ID NO : 100 , after furin site ) , nucleic acid C terminus ( SEQ ID NO : 57 ) , nucleic acid sequence encod 
sequence encoding consensus protein VZV - GM ( N - terminal 30 ing IgE leader linked to consensus protein HCMV - UL - 83 
portion of SEQ ID NO : 102 , prior to furin site ) , nucleic acid ( pp65 ) with an HA Tag at the C terminus ( SEQ ID NO : 59 ) , 
sequence encoding consensus protein VZV - ON ( C - terminal are provided . 
portion of SEQ ID NO : 102 , after furin site ) , nucleic acid Some embodiments relate to nucleic acid molecules that 
sequence encoding consensus protein CeHV1 - B ( SEQ ID encode immunogenic proteins that have 95 % homology to 
NO : 104 ) , nucleic acid sequence encoding consensus protein 35 the nucleic acid coding sequences herein . Some embodi 
CeHV1 - gH ( N - terminal portion of SEQ ID NO : 106 , prior to ments relate to nucleic acid molecules that encode immu 
furin site ) , nucleic acid sequence encoding consensus pro - nogenic proteins that have 96 % homology to the nucleic 
tein CeHV1 - gL ( C - terminal portion of sEQ ID NO : 106 , acid coding sequences herein . Some embodiments relate to 
after furin site ) , nucleic acid sequence encoding consensus nucleic acid molecules that encode immunogenic proteins 
protein CeHV1 - gC ( N - terminal portion of SEQ ID NO : 108 , 40 that have 97 % homology to the nucleic acid coding 
prior to furin site ) , nucleic acid sequence encoding consen - sequences herein . Some embodiments relate to nucleic acid 
sus protein CeHV1 - gD ( C - terminal portion of SEQ ID molecules that encode immunogenic proteins that have 98 % 
NO : 108 , after furin site ) , nucleic acid sequence encoding homology to the nucleic acid coding sequences herein . 
consensus protein VZV - gE ( N - terminal portion of SEQ ID Some embodiments relate to nucleic acid molecules that 
NO : 110 , prior to furin site ) , nucleic acid sequence encoding 45 encode immunogenic proteins that have 99 % homology to 
consensus protein VZV - gl ( C - terminal portion of SEQ ID the nucleic acid coding sequences herein . In some embodi 
NO : 110 , after furin site ) , nucleic acid sequence encoding ments , the nucleic acid molecules with coding sequences 
consensus protein VZV - GC ( SEQ ID NO : 112 ) , and nucleic disclosed herein that are homologous to a coding sequence 
acid sequence encoding consensus protein VZV - OK ( SEQ of a consensus protein disclosed herein include sequences 
ID NO : 114 ) are provided herein . In addition , nucleic acid 50 encoding an IgE leader sequence linked to the 5 ' end of the 
sequences incorporating coding sequence for the IgE leader coding sequence encoding the homologous protein 
at the 5 ' end of the optimized , consensus encoding nucleic sequences disclosed herein . 
acid sequence were generated which encoded proteins hav Some embodiments relate to fragments of SEQ ID NO : 1 , 
ing the IgE leader sequence at the N terminus of the SEQ ID NO : 3 , SEQ ID NO : 5 , SEQ ID NO : 7 , SEQ ID NO : 9 , 
consensus amino acid sequence . The nucleic acid sequence 55 SEQ ID NO : 11 , SEQ ID NO : 13 , SEQ ID NO : 15 , SEQ ID 
encoding IgE leader linked to consensus protein HCMV - GB NO : 17 , SEQ ID NO : 19 , SEQ ID NO : 21 , SEQ ID NO : 23 , 
( SEQ TD NO : 21 ) , nucleic acid sequence encoding IgE SEQ ID NO : 25 , SEQ ID NO : 27 , SEQ ID NO : 29 , SEQ ID 
leader linked to consensus protein HCMV - gM ( SEQ ID NO : 31 , SEQ ID NO : 33 , SEQ ID NO : 35 , SEQ ID NO : 37 , 
NO : 23 ) , nucleic acid sequence encoding IgE leader linked to SEQ ID NO : 39 , SEQ ID NO : 41 , SEQ ID NO : 43 , SEQ ID 
consensus protein HCMV - ON ( SEQ ID NO : 25 ) , nucleic acid 60 NO : 45 , SEQ ID NO : 47 , SEQ ID NO : 49 , SEO ID NO : 51 , 
sequence encoding IgE leader linked to consensus protein SEQ ID NO : 53 , SEQ ID NO : 55 , SEQ ID NO : 57 , SEQ ID 
HCMV - gH ( SEQ ID NO : 27 ) , nucleic acid sequence encod - NO : 59 , SEQ ID NO : 86 , nucleic acid sequence encoding 
ing IgE leader linked to consensus protein HCMV - gL ( SEQ consensus protein HSV1 - gH ( N - terminal portion of SEQ ID 
ID NO : 29 ) , nucleic acid sequence encoding IgE leader NO : 88 , before furin site ) , nucleic acid sequence encoding 
linked to consensus protein HCMV - GO ( SEQ ID NO : 31 ) , 65 consensus protein HSV1 - gL ( C - terminal portion of SEQ ID 
nucleic acid sequence encoding IgE leader linked to con - NO : 88 , after furin site ) , nucleic acid sequence encoding 
sensus protein HCMV - UL128 ( SEQ ID NO : 33 ) , nucleic consensus protein HSV1 - gC ( N - terminal portion of SEQ ID 
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NO : 90 , prior to furin site ) , nucleic acid sequence encoding effective to elicit an immune response in the mammal . The 
consensus protein HSV1 - 9D ( C - terminal portion of SEQ ID vector can be recombinant . The vector can comprise heter 
NO : 90 , after furing site ) , SEQ ID NO : 92 , nucleic acid ologous nucleic acid encoding the antigen . The vector can be 
sequence encoding consensus protein HSV2 - gH ( N - terminala plasmid . The vector can be useful for transfecting cells 
portion of SEQ ID NO : 94 , prior to furin site ) , nucleic acid 5 with nucleic acid encoding an antigen , which the trans 
sequence encoding consensus protein HSV2 - 3L ( C - terminal formed host cell is cultured and maintained under conditions 
portion of SEQ ID NO : 94 , after furin site ) , nucleic acid wherein expression of the antigen takes place . 
sequence encoding consensus protein HSV2 - gC ( N - terminal In some embodiments , coding sequences for one antigen 
portion of SEQ ID NO : 96 , prior to furin site ) , nucleic acid may be provided on a single vector . 
sequence encoding consensus protein HSV2 - gD ( C - terminal 10 In some embodiments , coding sequences for two or more 
portion of SEQ ID NO : 96 , after furin site ) , SEQ ID NO : 98 , different antigens may be provided on a single vector . In 
nucleic acid sequence encoding consensus protein VZV - gH some embodiments , the coding sequences may have sepa 
( N - terminal portion of SEQ ID NO : 100 , prior to furin site ) , rate promoters controlling expression . In some embodi 
nucleic acid sequence encoding consensus protein VZV - gL ments , the coding sequences may have a single promoters 
( C - terminal portion of SEQ ID NO : 100 , after furin site ) , 15 controlling expression with an IRES sequence separating 
nucleic acid sequence encoding consensus protein VZV - GM coding sequence . The presence of the IRES sequence results 
( N - terminal portion of SEQ TD NO : 102 , prior to furin site ) , in the separate translation of the transcription product . In 
nucleic acid sequence encoding consensus protein VZV - ON some embodiments , the coding sequences may have a single 
( C - terminal portion of SEQ ID NO : 102 , after furin site ) , promoters controlling expression with coding sequence 
SEQ ID NO : 104 , nucleic acid sequence encoding consensus 20 encoding a proteolytic cleavage peptide sequence separating 
protein CeHV1 - gH ( N - terminal portion of SEQ ID NO : 106 , coding sequences of the antigens . A single translation prod 
prior to furin site ) , nucleic acid sequence encoding consen - uct is produced which is then processed by the protease that 
sus protein CeHV1 - gL ( C - terminal portion of EQ ID recognizes the protease cleavage site to generate separate 
NO : 106 , after furin site ) , nucleic acid sequence encoding protein molecules . The protease cleave sites used is typically 
consensus protein CeHV1 - gC ( N - terminal portion of SEQ 25 recognized by a protease endogenously present in the cell 
ID NO : 108 , prior to furin site ) , nucleic acid sequence where expression occurs . In some embodiments , a separate 
encoding consensus protein CeHV1 - 9D ( C - terminal portion coding sequence for a protease may be included to provide 
of SEQ ID NO : 108 , after furin site ) , nucleic acid sequence for the production of the protease needed to process the 
encoding consensus protein VZV - gE ( N - terminal portion of polyprotein translation product . In some embodiment , vec 
SEQ ID NO : 110 , prior to furin site ) , nucleic acid sequence 30 tors comprise coding sequences for one , two , three , four or 
encoding consensus protein VZV - gl ( C - terminal portion of more HCMV antigens , HSV1 antigens , HSV2 antigens , 
SEQ ID NO : 110 , after furin site ) , SEQ ID NO : 112 , and SEQ VZV antigens , or CeHV1 antigens . 
ID NO : 114 . Fragments may at least 10 % , at least 15 % , at In some embodiments , coding sequences for HCMV 
least 20 % , at least 25 % , at least 30 % , at least 35 % , at least antigens gM and 9N are included on the same vector . In 
40 % , at least 45 % , at least 50 % or at least 55 % at least 60 % , 35 some embodiments , coding sequences for HCMV antigens 
at least 65 % , at least 70 % , at least 75 % , at least 80 % , at least consensus gM and consensus gN4 - c are included on the 
85 % , at least 90 % , at least 95 % , at least 96 % , at least 97 % , same vector . In some embodiments , coding sequences for 
at least 98 % or at least 99 % of any of the nucleotide HCMV antigens gM and ON are included on the same vector 
sequences provided herein for each of the specific consensus and are under control of a single promoter . In some embodi 
antigens . Fragments may be at least 95 % , at least 96 % , at 40 ments , coding sequences for HCMV antigens consensus gM 
least 97 % at least 98 % or at least 99 % homologous to and consensus gN4 - c are included on the same vector and 
fragments of any of the nucleotide sequences provided are under control of a single promoter . In some embodi 
herein for each of the specific consensus antigens . ments , coding sequences for HCMV antigens gM and gN are 

Provided herein are genetic constructs that can comprise included on the same vector , under control of a single 
a nucleic acid sequence that encodes the herpes virus antigen 45 promoter and linked with a coding sequence for a proteolytic 
disclosed herein including consensus protein sequences , cleavage site . In some embodiments , coding sequences for 
sequences homologous to consensus protein sequences , HCMV antigens consensus gM and consensus gN4 - c are 
fragments of consensus protein sequences and sequences included on the same vector , are under control of a single 
homologous to fragments of consensus protein sequences . promoter and linked with a coding sequence for a proteolytic 
The genetic construct can be present in the cell as a 50 cleavage site . In some embodiments , coding sequences for 
functioning extrachromosomal molecule . The genetic con - HCMV antigens gH and gL are included on the same vector . 
struct can be linear minichromosome including centromere , In some embodiments , coding sequences for HCMV anti 
telomers or plasmids or cosmids . gens consensus gH and consensus gL are included on the 

The genetic construct can also be part of a genome of a same vector . In some embodiments , coding sequences for 
recombinant viral vector , including recombinant adenovirus , 55 HCMV antigens gH and gL are included on the same vector 
recombinant adenovirus associated virus and recombinant and are under control of a single promoter . In some embodi 
vaccinia . The genetic construct can be part of the genetic ments , coding sequences for HCMV antigens consensus gH 
material in attenuated live microorganisms or recombinant and consensus gL are included on the same vector and are 
microbial vectors which live in cells . under control of a single promoter . In some embodiments , 

The genetic constructs can comprise regulatory elements 60 coding sequences for HCMV antigens gH and gL are 
for gene expression of the coding sequences of the nucleic included on the same vector , under control of a single 
acid . The regulatory elements can be a promoter , an promoter and linked with a coding sequence for a proteolytic 
enhancer an initiation codon , a stop codon , or a polyade cleavage site . In some embodiments , coding sequences for 
nylation signal . HCMV antigens consensus gH and consensus gL are 

The nucleic acid sequences may make up a genetic 65 included on the same vector , are under control of a single 
construct that can be a vector . The vector can be capable of promoter and linked with a coding sequence for a proteolytic 
expressing an antigen in the cell of a mammal in a quantity cleavage site . 
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In some embodiments , coding sequences for HCMV Coding sequences for any protein disclosed herein may be 

antigens / chaperone proteins UL128 , UL130 and UL - 131A provided as a single coding sequence on a single . Likewise , 
are included on the same vector . In some embodiments , coding sequences for any combination of different proteins 
coding sequences for HCMV antigens / chaperone proteins disclosed herein may be provided on a single vector , either 
consensus UL128 , consensus UL130 and consensus 5 with its own promoter , linked with an IRES sequence or as 
UL - 131A are included on the same vector . In some embodi - a single coding sequence of a polyprotein in which the 
ments , coding sequences for HCMV antigens / chaperone individual proteins are linked with proteolytic cleavage 
proteins UL128 , UL130 and UL - 131A are included on the sites . 

In each and every instance set forth herein , coding same vector and are under control of a single promoter . In 
some embodiments , coding sequences for HCMV antigens / and 10 sequences may be optimized for stability and high levels of 

expression . In some instances , codons are selected to reduce chaperone proteins consensus UL128 , consensus UL130 and secondary structure formation of the RNA such as that consensus UL - 131A are included on the same vector and are formed due to intramolecular bonding . under control of a single promoter . In some embodiments , The vector can comprise heterologous nucleic acid encod coding sequences for HCMV antigens / chaperone proteins 15 ing an antigen and can further comprise an initiation codon , UL128 , UL130 and UL - 131A are included on the same which can be upstream of the antigen coding sequence , and 
vector , under control of a single promoter and linked with a a stop codon . which can be downstream of the antigen 
coding sequence for a proteolytic cleavage site . In some coding sequence . The initiation and termination codon can 
embodiments , coding sequences for HCMV antigens / chap - be in frame with the antigen coding sequence . The vector 
erone proteins consensus UL128 , consensus UL130 and 20 can also comprise a promoter that is operably linked to the 
consensus UL - 131A are included on the same vector , are antigen coding sequence . The promoter operably linked to 
under control of a single promoter and linked with a coding the antigen coding sequence can be a promoter from simian 
sequence for a proteolytic cleavage site . virus 40 ( SV40 ) , a mouse mammary tumor virus ( MMTV ) 

In some embodiments , coding sequences for HSV1 anti - promoter , a human immunodeficiency virus ( HIV ) promoter 
gens gH and gL are included on the same vector , and in some 25 such as the bovine immunodeficiency virus ( BIV ) long 
cases under the control of a single promoter , and in some terminal repeat ( LTR ) promoter , a Moloney virus promoter , 
cases linked together with a coding sequence for a poteolytic an avian leukosis virus ( ALV ) promoter , a cytomegalovirus 
cleavage site , preferably furin cleavage site . In some ( CMV ) promoter such as the CMV immediate early pro 
embodiments , coding sequences for HSV1 antigens gC and moter , Epstein Barr virus ( EBV ) promoter , or a Rous sar 
gD are included on the same vector , and in some cases under 30 coma virus ( RSV ) promoter . The promoter can also be a 
the control of a single promoter , and in some cases linked promoter from a human gene such as human actin , human 
together with a coding sequence for a poteolytic cleavage myosin , human hemoglobin , human muscle creatine , or 
site , preferably furin cleavage site . In some embodiments , human metalothionein . The promoter can also be a tissue 
coding sequences for HSV2 antigens gH and gL are included specific promoter , such as a muscle or skin specific pro 
on the same vector , and in some cases under the control of 35 moter , natural or synthetic . Examples of such promoters are 
a single promoter , and in some cases linked together with a described in US patent application publication no . 
coding sequence for a poteolytic cleavage site , preferably US20040175727 , the contents of which are incorporated 
furin cleavage site . In some embodiments , coding sequences herein in its entirety . 
for HSV2 antigens gC and gD are included on the same The vector can also comprise a polyadenylation signal , 
vector , and in some cases under the control of a single 40 which can be downstream of the herpes antigen coding 
promoter , and in some cases linked together with a coding sequence . The polyadenylation signal can be a SV40 poly 
sequence for a poteolytic cleavage site , preferably furin adenylation signal , LTR polyadenylation signal , bovine 
cleavage site . In some embodiments , coding sequences for growth hormone ( bGH ) polyadenylation signal , human 
VZV antigens gH and gL are included on the same vector , growth hormone ( hGH ) polyadenylation signal , or human 
and in some cases under the control of a single promoter , and 45 B - globin polyadenylation signal . The SV40 polyadenylation 
in some cases linked together with a coding sequence for a signal can be a polyadenylation signal from a pCEP4 vector 
poteolytic cleavage site , preferably furin cleavage site . In ( Invitrogen , San Diego , Calif . ) . 
some embodiments , coding sequences for VZV antigens gM The vector can also comprise an enhancer upstream of the 
and gN are included on the same vector , and in some cases consensus herpes antigen coding sequence . The enhancer 
under the control of a single promoter , and in some cases 50 can be necessary for DNA expression . The enhancer can be 
linked together with a coding sequence for a poteolytic human actin , human myosin , human hemoglobin , human 
cleavage site , preferably furin cleavage site . In some muscle creatine or a viral enhancer such as one from CMV , 
embodiments , coding sequences for CeHV1 antigens gH HA , RSV or EBV . Polynucleotide function enhances are 
and gL are included on the same vector , and in some cases described in U . S . Pat . Nos . 5 , 593 , 972 , 5 , 962 , 428 , and 
under the control of a single promoter , and in some cases 55 WO94 / 016737 , the contents of each are fully incorporated 
linked together with a coding sequence for a poteolytic by reference . 
cleavage site , preferably furin cleavage site . In some The vector can also comprise a mammalian origin of 
embodiments , coding sequences for CeHV1 antigens gC and replication in order to maintain the vector extrachromoso 
gD are included on the same vector , and in some cases under mally and produce multiple copies of the vector in a cell . 
the control of a single promoter , and in some cases linked 60 The vector can be pVAX1 , PCEP4 or PREP4 from Invitro 
together with a coding sequence for a poteolytic cleavage g en ( San Diego , Calif . ) , which can comprise the Epstein 
site , preferably furin cleavage site . In some embodiments , Barr virus origin of replication and nuclear antigen EBNA - 1 
coding sequences for VZV antigens gE and gl are included coding region , which can produce high copy episomal 
on the same vector , and in some cases under the control of replication without integration . The vector can be PVAX1 or 
a single promoter , and in some cases linked together with a 65 a p Vaxl variant ( FIG . 1 ) with changes such as those 
coding sequence for a poteolytic cleavage site , preferably included in SEQ ID NO : 76 . The variant pVaxl plasmid is a 
furin cleavage site . 2998 basepair variant of the backbone vector plasmid 

he same 
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PVAX1 ( Invitrogen , Carlsbad Calif . ) . The CMV promoter is 945 , 950 , 955 , 960 , 965 , 970 , 975 , 980 , 985 , 990 , 995 or 
located at bases 137 - 724 . The T7 promoter / priming site is at 1000 micrograms , or at least 1 . 5 , 2 , 2 . 5 , 3 , 3 . 5 , 4 , 4 . 5 , 5 , 5 . 5 , 
bases 664 - 683 . Multiple cloning sites are at bases 696 - 811 . 6 , 6 . 5 , 7 , 7 . 5 , 8 , 8 . 5 , 9 , 9 . 5 or 10 mg or more ; and 2 ) up to 
Bovine GH polyadenylation signal is at bases 829 - 1053 . The and including 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 
Kanamycin resistance gene is at bases 1226 - 2020 . The PUC 5 75 , 80 , 85 , 90 , 95 or 100 nanograms , or up to and including 
origin is at bases 2320 - 2993 . Based upon the sequence of 1 , 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 
PVAX1 available from Invitrogen , the following mutations 85 , 90 , 95 , 100 , 105 , 110 , 115 , 120 , 125 , 130 , 135 , 140 , 145 , 
were found in the sequence of PVAX1 that was used as the 150 , 155 , 160 , 165 , 170 , 175 , 180 , 185 , 190 , 195 , 200 , 205 , 
backbone for plasmids 1 - 6 set forth herein : 210 , 215 , 220 , 225 , 230 , 235 , 240 , 245 , 250 , 255 , 260 , 265 , 

C > G 241 in CMV promoter 270 , 275 , 280 , 285 , 290 , 295 , 300 , 305 , 310 , 315 , 320 , 325 , C > T 1942 backbone , downstream of the bovine growth 330 , 335 , 340 , 345 , 350 , 355 , 360 , 365 , 370 , 375 , 380 , 385 , hormone polyadenylation signal ( bGHpolyA ) 390 , 395 , 400 , 405 , 410 , 415 , 420 , 425 , 430 , 435 , 440 , 445 , A > _ 2876 backbone , downstream of the Kanamycin 450 , 455 , 460 , 465 , 470 , 475 , 480 , 485 , 490 , 495 , 500 , 605 , gene 
C > T 3277 in PUC origin of replication ( Ori ) high copy 15 610 , 615 , 620 , 625 , 630 , 635 , 640 , 645 , 650 , 655 , 660 , 665 , 

670 , 675 , 680 , 685 , 690 , 695 , 700 , 705 , 710 , 715 , 720 , 725 , number mutation ( see Nucleic Acid Research 1985 ) 
G > C 3753 in very end of PUC On upstream of RNASH 730 , 735 , 740 , 745 , 750 , 755 , 760 , 765 , 770 , 775 , 780 , 785 , 

site 790 , 795 , 800 , 805 , 810 , 815 , 820 , 825 , 830 , 835 , 840 , 845 , 
Base pairs 2 . 3 and 4 are changed from ACT to CTG in 850 , 855 , 860 , 865 , 870 , 875 , 880 , 885 , 890 , 895 . 900 , 905 . 
backbone , upstream of CMV promoter . The backbone 20 910 , 915 , 920 , 925 , 930 , 935 , 940 , 945 , 950 , 955 , 960 , 965 , 
of the vector can be pAVO242 . The vector can be a 970 , 975 , 980 , 985 , 990 , 995 , or 1000 micrograms , or up to 
replication defective adenovirus type 5 ( Ad5 ) vector . and including 1 . 5 , 2 , 2 . 5 , 3 , 3 . 5 , 4 , 4 . 5 , 5 , 5 . 5 , 6 , 6 . 5 , 7 , 7 . 5 , 

The vector can also comprise a regulatory sequence , 8 , 8 . 5 , 9 , 9 . 5 or 10 mgs . In some embodiments , pharmaceu 
which can be well suited for gene expression in a mamma - tical compositions according to the present invention com 
lian or human cell into which the vector is administered . The 25 prise about 5 nanograms to about 10 mgs of DNA . In some 
consensus herpes antigen coding sequence can comprise a embodiments , pharmaceutical compositions according to 
codon , which can allow more efficient transcription of the the present invention comprise about 25 nanograms to about 
coding sequence in the host cell . 5 mgs of DNA . In some embodiments , the pharmaceutical 

The vector can be pSE420 ( Invitrogen , San Diego , Calif . ) , compositions contain about 50 nanograms to about 1 mg of 
which can be used for protein production in Escherichia coli 30 DNA . In some embodiments , the pharmaceutical composi 
( E . coli ) . The vector can also be pYES2 ( Invitrogen , San tions contain about 0 . 1 to about 500 micrograms of DNA . In 
Diego , Calif . ) , which can be used for protein production in some embodiments , the pharmaceutical compositions con 
Saccharomyces cerevisiae strains of yeast . The vector can tain about 1 to about 350 micrograms of DNA . In some 
also be of the MAXBACTM complete baculovirus expression embodiments , the pharmaceutical compositions contain 
system ( Invitrogen , San Diego , Calif . ) , which can be used 35 about 5 to about 250 micrograms of DNA . In some embodi 
for protein production in insect cells . The vector can also be ments , the pharmaceutical compositions contain about 10 to 
pcDNA I or pcDNA3 ( Invitrogen , San Diego , Calif . ) , which about 200 micrograms of DNA . In some embodiments , the 
maybe used for protein production in mammalian cells such pharmaceutical compositions contain about 15 to about 150 
as Chinese hamster ovary ( CHO ) cells . The vector can be micrograms of DNA . In some embodiments , the pharma 
expression vectors or systems to produce protein by routine 40 ceutical compositions contain about 20 to about 100 micro 
techniques and readily available starting materials including grams of DNA . In some embodiments , the pharmaceutical 
Sambrook et al . , Molecular Cloning an Laboratory Manual , compositions contain about 25 to about 75 micrograms of 
Second Ed . , Cold Spring Harbor ( 1989 ) , which is incorpo DNA . In some embodiments , the pharmaceutical composi 
rated fully by reference . tions contain about 30 to about 50 micrograms of DNA . In 

45 some embodiments , the pharmaceutical compositions con 
4 . Pharmaceutical Compositions tain about 35 to about 40 micrograms of DNA . In some 

embodiments , the pharmaceutical compositions contain 
Provided herein are pharmaceutical compositions accord about 100 to about 200 microgram DNA . In some embodi 

ing to the present invention which comprise about 1 nano - ments , the pharmaceutical compositions comprise about 10 
gram to about 10 mgs of DNA . In some embodiments , 50 microgram to about 100 micrograms of DNA . In some 
pharmaceutical compositions according to the present embodiments , the pharmaceutical compositions comprise 
invention comprise from between : 1 ) at least 10 , 15 , 20 , 25 , about 20 micrograms to about 80 micrograms of DNA . In 
30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 or 100 some embodiments , the pharmaceutical compositions com 
nanograms , or at least 1 , 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , prise about 25 micrograms to about 60 micrograms of DNA . 
55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , 105 , 110 , 115 , 120 , 55 In some embodiments , the pharmaceutical compositions 
125 , 130 , 135 , 140 , 145 , 150 , 155 , 160 , 165 , 170 , 175 , 180 , comprise about 30 nanograms to about 50 micrograms of 
185 , 190 , 195 , 200 , 205 , 210 , 215 , 220 , 225 , 230 , 235 , 240 , DNA . In some embodiments , the pharmaceutical composi 
245 , 250 , 255 , 260 , 265 , 270 , 275 , 280 , 285 , 290 , 295 , 300 , tions comprise about 35 nanograms to about 45 micrograms 
305 , 310 , 315 , 320 , 325 , 330 , 335 , 340 , 345 , 350 , 355 , 360 , of DNA . In some preferred embodiments , the pharmaceu 
365 , 370 , 375 , 380 , 385 , 390 , 395 , 400 , 405 , 410 , 415 , 420 , 60 tical compositions contain about 0 . 1 to about 500 micro 
425 , 430 , 435 , 440 , 445 , 450 , 455 , 460 , 465 , 470 , 475 , 480 , grams of DNA . In some preferred embodiments , the phar 
485 , 490 , 495 , 500 , 605 , 610 , 615 , 620 , 625 , 630 , 635 , 640 , maceutical compositions contain about 1 to about 350 
645 , 650 , 655 , 660 , 665 , 670 , 675 , 680 , 685 , 690 , 695 , 700 , micrograms of DNA . In some preferred embodiments , the 
705 , 710 , 715 , 720 , 725 , 730 , 735 , 740 , 745 , 750 , 755 , 760 , pharmaceutical compositions contain about 25 to about 250 
765 , 770 , 775 , 780 , 785 , 790 , 795 , 800 , 805 , 810 , 815 , 820 , 65 micrograms of DNA . In some preferred embodiments , the 
825 , 830 , 835 , 840 , 845 , 850 , 855 , 860 , 865 , 870 , 875 , 880 , pharmaceutical compositions contain about 100 to about 200 
885 , 890 , 895 . 900 , 905 , 910 , 915 , 920 , 925 , 930 , 935 , 940 , microgram DNA . 

me 



US 9 , 994 , 619 B2 
31 32 

The pharmaceutical compositions according to the pres - above ; and fragments of proteins homologous to any of the 
ent invention are formulated according to the mode of consensus herpes antigens , above . In addition , vaccines 
administration to be used . In cases where pharmaceutical comprising any of the above nucleic acid sequences may 
compositions are injectable pharmaceutical compositions , further comprise one or more nucleic acid sequences encod 
they are sterile , pyrogen free and particulate free . An iso - 5 ing one or more proteins selected from the group consisting 
tonic formulation is preferably used . Generally , additives for of : a ) for HCMV : gB , GM , N , gH , gl , gO , UL128 , UL130 , 
isotonicity can include sodium chloride , dextrose , mannitol , UL131a , and UL83 ; b ) for HSV1 : GB , gH , gl , gC , and gD ; 
sorbitol and lactose . In some cases , isotonic solutions such c ) for HSV2 : GB , gH , gl , gC , and gD , d ) for CeHV1 : GB , 
as phosphate buffered saline are preferred . Stabilizers gH , GL , gC , and gD ; and e ) for VZV : GB , gH , gL , gC , gK , 
include gelatin and albumin . In some embodiments , a vaso - 10 gM , gN , gE , and gl . Alternatively , vaccines may comprise 
constriction agent is added to the formulation . one or more protein molecules instead of or in addition to 

Preferably the pharmaceutical composition is a vaccine , any coding sequence set forth above . 
and more preferably a DNA vaccine . Vaccines may comprise coding sequences for consensus 

Provided herein is a vaccine capable of generating in a protein gB ( SEQ ID NO : 2 and / or SEQ ID NO : 22 and / or 
mammal an immune response against herpes virus antigens . 15 SEQ ID NO : 42 ) . Vaccines may comprise coding sequences 
The vaccine can comprise the genetic construct as discussed for consensus protein GB ( SEQ ID NO : 2 and / or SEQ ID 
above . The vaccine can comprise a plurality of the vectors NO : 22 and / or SEQ ID NO : 42 ) plus one or more coding 
each directed to one or more herpes virus antigens . The sequences for gM , gN , GH , GL , CO , UL128 , UL130 , UL131a 
vaccine may comprise one or more nucleic acid sequences and UL83 . Vaccines may comprise coding sequences for 
that encode one or more consensus herpes virus antigens . 20 consensus protein gB ( SEQ ID NO : 2 and / or SEQ ID NO : 22 
When the vaccine comprises more than one consensus and / or SEQ ID NO : 42 ) . plus coding sequences for one or 
herpes virus nucleic acid sequences , all such sequences may more of ( SEO ID NO : 4 ) , ( SEO ID NO : 6 ) , ( SEO ID NO : 8 ) , 
be present on a single nucleic acid molecule or each such ( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , ( SEQ ID NO : 14 ) , ( SEQ 
sequences may be present on a different nucleic acid mol ID NO : 16 ) , ( SEQ ID NO : 18 ) , ( SEQ ID NO : 20 ) , ( SEQ ID 
ecule . Alternatively , vaccines that comprise more than one 25 NO : 24 ) , ( SEQ ID NO : 26 ) , ( SEQ ID NO : 28 ) , ( SEO ID 
consensus herpes virus nucleic acid sequences may com - NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID NO : 34 ) , ( SEQ ID 
prise nucleic acid molecules with a single consensus herpes NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEO ID NO : 40 ) , ( SEO ID 
virus - nucleic acid sequence and nucleic acid molecules with NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID NO : 48 ) , ( SEQ ID 
more than one consensus herpes virus nucleic acid NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEQ ID NO : 54 ) , ( SEQ ID 
sequences . In addition , vaccines comprising one or more 30 NO : 56 ) , ( SEQ ID NO : 58 ) , ( SEQ ID NO : 60 ) . 
consensus herpes virus nucleic acid sequences may further Vaccines may comprise specific coding sequences encod 
comprise coding sequences for one or more herpes virus ing consensus protein gB SEQ ID NO : 1 and / or SEO ID 
antigens . NO : 21 and / or SEQ ID NO : 41 . Vaccines may comprise 

Vaccines may comprise one or more of the consensus consensus protein g? coding sequences SEQ ID NO : 1 
versions of the immunogenic proteins set forth herein and / or 35 and / or SEQ ID NO : 21 and / or SEQ ID NO : 41 plus one or 
vaccines may comprise one or more nucleic acid sequences more coding sequences for gM , gN , GH , GL , gO , UL128 , 
that encode one or more of the consensus versions of the UL130 , UL131a and UL83 . Vaccines may comprise gB 
immunogenic proteins selected from this group . Vaccines coding sequences ( SEQ ID NO : 1 and / or SEQ ID NO : 21 
may comprise one or more of the consensus versions of the and / or SEQ ID NO : 41 ) . plus consensus protein coding 
immunogenic proteins set forth herein in combination with 40 sequences ( SEQ ID NO : 3 ) , ( SEQ ID NO : 5 ) , ( SEQ ID 
other immunogenic herpes virus proteins with sequences NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , 
other than the consensus sequences disclosed herein includ - ( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEO 
ing wild type sequences and / or vaccines may comprise one ID NO : 23 ) , ( SEQ ID NO : 25 ) , ( SEQ ID NO : 27 ) , ( SEQ ID 
or more nucleic acid sequences that encode one or more of NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 33 ) , ( SEQ ID 
the consensus versions of the immunogenic proteins selected 45 NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 39 ) ( SEQ ID 
from this group in combination with nucleic acid molecules NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEQ ID 
that encode other immunogenic herpes virus proteins with NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEO ID 
sequences other than the consensus sequences disclosed NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID NO : 59 ) . 
herein including wild type sequences . Vaccines may comprise coding sequences for consensus 

While not being bound by scientific theory , a vaccine that 50 protein gM ( SEQ ID NO : 4 and / or SEQ ID NO : 24 and / or 
can be used to elicit an immune response ( humoral , cellular , SEQ ID NO : 44 ) . Vaccines may comprise coding sequences 
or both ) broadly against herpes virus may comprise one or for consensus protein gM ( SEQ ID NO : 4 and / or SEQ ID 
more of the following nucleic acid sequences that encodes NO : 24 and / or SEQ ID NO : 44 ) plus one or more coding 
one or more herpes virus antigens selected from the group sequences for gB , gN , GH , gL , GO , UL128 , UL130 , UL131a 
consisting of : a ) for HCMV : consensus GB , consensus gM , 55 and UL83 . Vaccines may comprise coding sequences for 
consensus gN4 - c , consensus gH , consensus gL , consensus consensus protein gM ( SEQ TD NO : 4 and / or SEQ ID 
g0 - 5 , consensus UL128 , consensus UL130 , consensus NO : 24 and / or SEO ID NO : 44 ) . plus coding sequences for 
UL131a , consensus UL83 ; b ) for HSV1 : consensus gB , one or more of ( SEQ ID NO : 2 ) , ( SEQ ID NO : 6 ) , ( SEQ ID 
consensus gH , consensus gL , consensus gC , and consensus NO : 8 ) , ( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , ( SEQ ID 
gD ; c ) for HSV2 : consensus g? , consensus gH , consensus 60 NO : 14 ) , ( SEQ ID NO : 16 ) , ( SEQ ID NO : 18 ) , ( SEQ ID 
gl , consensus gC , and consensus gD ; d ) for CeHV1 : con - NO : 20 ) , ( SEQ ID NO : 22 ) , ( SEQ ID NO : 26 ) , ( SEQ ID 
sensus g? , consensus gH , consensus gL , consensus gC , and NO : 28 ) , ( SEQ ID NO : 30 ) , ( SEO ID NO : 32 ) , ( SEO ID 
consensus gD ; and e ) for VZV : consensus g? , consensus gH , NO : 34 ) , ( SEQ ID NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEQ ID 
consensus gL , consensus gC , and consensus gK , consensus NO : 40 ) , ( SEQ ID NO : 42 ) , ( SEQ ID NO : 46 ) , ( SEQ ID 
gM , consensus gN , consensus gE , and consensus gl ; pro - 65 NO : 48 ) , ( SEQ ID NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEO ID 
teins homologous to any of the consensus herpes antigens , NO : 54 ) , ( SEQ ID NO : 56 ) , ( SEQ ID NO : 58 ) , and ( SEQ ID 
above ; fragments of any of the consensus herpes antigens , NO : 60 ) . 
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Vaccines may comprise specific coding sequences encod NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID NO : 34 ) , ( SEQ ID 
ing consensus protein gM SEQ ID NO : 3 and / or SEQ ID NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEQ ID NO : 40 ) , ( SEO ID 
NO : 23 and / or SEQ ID NO : 43 . Vaccines may comprise NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID 
consensus protein gM coding sequences SEQ ID NO : 3 NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEQ ID NO : 54 ) , ( SEQ ID 
and / or SEQ ID NO : 23 and / or SEQ ID NO : 43 plus one or 5 NO : 56 ) , ( SEQ ID NO : 58 ) , ( SEQ ID NO : 60 ) . 
more coding sequences for gB , gN , GH , gl , gO , UL128 , Vaccines may comprise specific coding sequences encod 
UL130 , UL131a and UL83 . Vaccines may comprise gM ing consensus protein gH SEQ ID NO : 7 and / or SEQ ID 
coding sequences ( SEQ ID NO : 3 and / or SEQ ID NO : 23 NO : 27 and / or SEQ ID NO : 47 . Vaccines may comprise 
and / or SEQ ID NO : 43 ) . plus consensus protein coding consensus protein gH coding sequences SEQ ID NO : 7 
sequences ( SEQ ID NO : 1 ) , ( SEQ ID NO : 5 ) , ( SEQ ID 10 and / or SEQ ID NO : 27 and / or SEQ ID NO : 47 plus one or 
NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , more coding sequences for gB , GM , gN , gl , gO , UL128 , 
( SEO ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ UL130 , UL131a and UL83 . Vaccines may comprise gH 
ID NO : 21 ) , ( SEQ ID NO : 25 ) , ( SEQ ID NO : 27 ) , ( SEQ ID coding sequences ( SEQ ID NO : 7 and / or SEQ ID NO : 27 
NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 33 ) , ( SEQ ID and / or SEQ ID NO : 47 ) plus consensus protein coding 
NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 39 ) . SEQ ID 15 sequences ( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ TD 
NO : 41 ) , ( SEQ ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEQ ID NO : 5 ) , ( SEQ ID NO : 9 ) , ( SEQ TD NO : 11 ) , ( SEQ ID 
NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID NO : 13 ) , ( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID 
NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID NO : 59 ) . NO : 19 ) , ( SEQ ID NO : 21 ) , ( SEQ ID NO : 23 ) , ( SEQ ID 

Vaccines may comprise coding sequences for consensus NO : 25 ) , ( SEQ ID NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID 
protein gN ( SEQ ID NO : 6 and / or SEQ ID NO : 26 and / or 20 NO : 33 ) , ( SEO ID NO : 35 ) , ( SEO ID NO : 37 ) , ( SEO ID 
SEQ ID NO : 46 ) . Vaccines may comprise coding sequences NO : 39 ) , ( SEQ ID NO : 41 ) , ( SEQ ID NO : 43 ) , ( SEQ ID 
for consensus protein gN ( SEQ ID NO : 6 and / or SEQ ID NO : 45 ) , ( SEQ ID NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEO ID 
NO : 26 and / or SEQ ID NO : 46 ) plus one or more coding NO : 53 ) , ( SEQ ID NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID 
sequences for gB , GM , GH , GL , GO , UL128 , UL130 , UL131a NO : 59 ) 
and UL83 . Vaccines may comprise coding sequences for 25 Vaccines may comprise coding sequences for consensus 
consensus protein gN ( SEQ ID NO : 6 and / or SEQ ID NO : 26 protein gL ( SEQ ID NO : 10 and / or SEQ ID NO : 30 and / or 
and / or SEQ ID NO : 46 ) . plus coding sequences for one or SEQ ID NO : 50 ) . Vaccines may comprise coding sequences 
more of ( SEO ID NO : 2 ) , ( SEQ ID NO : 4 ) , ( SEQ ID NO : 8 ) , for consensus protein gL ( SEQ ID NO : 10 and / or SEQ ID 
( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , ( SEQ ID NO : 14 ) , ( SEQ NO : 30 and / or SEQ ID NO : 50 ) plus one or more coding 
ID NO : 16 ) , ( SEQ ID NO : 18 ) , ( SEO ID NO : 20 ) , ( SEQ ID 30 sequences for gB , gM , N , gH , go , UL128 , UL130 , UL131a 
NO : 22 ) , ( SEO ID NO : 24 ) , ( SEO ID NO : 28 ) , ( SEQ ID and UL83 . Vaccines may comprise coding sequences for 
NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID NO : 34 ) , ( SEQ ID consensus protein gL ( SEQ ID NO : 10 and / or SEQ ID NO : 30 
NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEQ ID NO : 40 ) . SEQ ID and / or SEQ ID NO : 50 ) plus coding sequences for one or 
NO : 42 ) , ( SEO ID NO : 44 ) , ( SEO ID NO : 48 ) , ( SEO ID more of ( SEO ID NO : 2 ) , ( SEO ID NO : 4 ) , ( SEO ID NO : 6 ) , 
NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEQ ID NO : 54 ) , ( SEQ ID 35 ( SEQ ID NO : 8 ) , ( SEQ ID NO : 12 ) , ( SEQ ID NO : 14 ) , ( SEO 
NO : 56 ) , ( SEQ ID NO : 58 ) , and ( SEQ TD NO : 60 ) . ID NO : 16 ) , ( SEQ ID NO : 18 ) , ( SEQ ID NO : 20 ) , ( SEQ ID 

Vaccines may comprise specific coding sequences encod - NO : 22 ) , ( SEQ ID NO : 24 ) , ( SEQ ID NO : 26 ) , ( SEO ID 
ing consensus protein gN SEQ ID NO : 5 and / or SEQ ID NO : 28 ) , ( SEQ ID NO : 32 ) , ( SEQ ID NO : 34 ) , ( SEQ ID 
NO : 25 and / or SEQ ID NO : 45 . Vaccines may comprise NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEQ ID NO : 40 ) , ( SEO ID 
consensus protein gN coding sequences SEQ ID NO : 5 40 NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEO ID 
and / or SEQ ID NO : 25 and / or SEQ ID NO : 45 plus one or NO : 48 ) , ( SEQ ID NO : 52 ) , ( SEQ ID NO : 54 ) , ( SEQ ID 
more coding sequences for gB , GM , gH , gL , gO , UL128 , NO : 56 ) , ( SEQ ID NO : 58 ) , ( SEQ ID NO : 60 ) . 
UL130 , UL131a and UL83 . Vaccines may comprise gN Vaccines may comprise specific coding sequences encod 
coding sequences ( SEQ ID NO : 5 and / or SEQ ID NO : 25 ing consensus protein gL SEQ ID NO : 9 and / or SEQ ID 
and / or SEQ ID NO : 45 ) . plus consensus protein coding 45 NO : 29 and / or SEQ ID NO : 49 . Vaccines may comprise 
sequences ( SEQ ID NO : 1 ) , ( SER ID NO : 3 ) , ( SEQ ID consensus protein gL coding sequences SEQ ID NO : 9 
NO : 7 ) , ( SEO ID NO : 9 ) , ( SEO ID NO : 11 ) , ( SEO ID NO : 13 ) , and / or SEO ID NO : 29 and / or SEO ID NO : 49 plus one or 
( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ more coding sequences for gB , gM , gN , GH , GO , UL128 , 
ID NO : 21 ) , ( SEQ ID NO : 23 ) , ( SEQ ID NO : 27 ) , ( SEQ ID UL130 , UL131a and UL83 . Vaccines may comprise gl 
NO : 29 ) , ( SEO ID NO : 31 ) , ( SEO ID NO : 33 ) , ( SEQ ID 50 coding sequences ( SEQ ID NO : 9 and / or SEQ ID NO : 29 
NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 39 ) . SEQ ID and / or SEQ ID NO : 49 ) plus consensus protein coding 
NO : 41 ) , ( SEQ ID NO : 43 ) , ( SEQ ID NO : 47 ) , ( SEQ ID sequences ( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID 
NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID NO : 5 ) , ( SEQ ID NO : 7 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , 
NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID NO : 59 ) . ( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ 

Vaccines may comprise coding sequences for consensus 55 ID NO : 21 ) , ( SEQ ID NO : 23 ) , ( SEQ ID NO : 25 ) , ( SEQ ID 
protein gH ( SEQ ID NO : 8 and / or SEQ ID NO : 28 and / or NO : 27 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 33 ) , ( SEQ ID 
SEQ ID NO : 48 ) . Vaccines may comprise coding sequences NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 39 ) , ( SEQ ID 
for consensus protein gH ( SEQ ID NO : 8 and / or SEQ ID NO : 41 ) , ( SEQ ID NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID 
NO : 28 and / or SEQ ID NO : 48 ) plus one or more coding NO : 47 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID 
sequences for gB , gM , ON , OL , CO , UL128 , UL130 , UL131a 60 NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID NO : 59 ) . 
and UL83 . Vaccines may comprise coding sequences for Vaccines may comprise coding sequences for consensus 
consensus protein gH ( SEQ ID NO : 8 and / or SEQ ID NO : 28 protein gO ( SEQ TD NO : 12 and / or SEQ ID NO : 32 and / or 
and / or SEQ ID NO : 48 ) . plus coding sequences for one or SEQ ID NO : 52 ) . Vaccines may comprise coding sequences 
more of ( SEQ ID NO : 2 ) , ( SEQ ID NO : 4 ) , ( SEQ ID NO : 6 ) , for consensus protein gO ( SEQ ID NO : 12 and / or SEQ ID 
( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , ( SEQ ID NO : 14 ) , ( SEQ 65 NO : 32 and / or SEQ ID NO : 52 ) plus one or more coding 
ID NO : 16 ) , ( SEQ ID NO : 18 ) , ( SEQ ID NO : 20 ) , ( SEQ ID sequences for gB , GM , gN , GH , GL , UL128 , UL 130 , UL131a 
NO : 22 ) , ( SEQ ID NO : 24 ) , ( SEQ ID NO : 26 ) , ( SEQ ID and UL83 . Vaccines may comprise coding sequences for 
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consensus protein go ( SEQ ID NO : 12 and / or SEQ ID Vaccines may comprise coding sequences for consensus 
NO : 32 and / or SEQ ID NO : 52 ) plus coding sequences for protein UL130 SEQ ID NO : 16 and / or SEQ ID NO : 36 and / or 
one or more of ( SEQ ID NO : 2 ) , ( SEQ ID NO : 4 ) , ( SEQ ID SEQ ID NO : 56 ) . Vaccines may comprise coding sequences 
NO : 6 ) . ( SEO ID NO : 8 ) . ( SEO ID NO : 10 ) , ( SEO ID NO : 14 ) . for consensus protein UL130 ( SEQ ID NO : 16 and / or SEO 
( SEO ID NO : 16 ) , ( SEO ID NO : 18 ) . ( SEO ID NO : 20 ) , ( SEO 5 ID NO : 36 and / or SEQ ID NO : 56 ) plus one or more coding 
ID NO : 22 ) , ( SEQ ID NO : 24 ) , ( SEQ ID NO : 26 ) , ( SEQ ID sequences for gB , GM , gN , GH , GL , gO , UL128 , UL131a and 
NO : 28 ) , ( SEQ ID NO : 30 ) , ( SEQ ID NO : 34 ) , ( SEQ ID UL83 . Vaccines may comprise coding sequences for con 
NO : 36 ) , ( SEQ ID NO : 38 ) , ( SEQ ID NO : 40 ) ( SEQ ID sensus protein UL130 ( SEQ ID NO : 16 and / or SEQ ID 
NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID NO : 36 and / or SEQ ID NO : 56 ) plus coding sequences for 
NO : 48 ) , ( SEQ ID NO : 50 ) , ( SEQ ID NO : 54 ) , ( SEQ ID 10 one or more of ( SEQ ID NO : 2 ) , ( SEQ ID NO : 4 ) , ( SEQ ID 
NO : 56 ) , ( SEQ ID NO : 58 ) , ( SEQ ID NO : 60 ) . NO : 6 ) , ( SEQ ID NO : 8 ) , ( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , 

( SEQ ID NO : 14 ) , ( SEQ ID NO : 18 ) , ( SEQ ID NO : 20 ) , ( SEO Vaccines may comprise specific coding sequences encod ID NO : 22 ) , ( SEQ ID NO : 24 ) , ( SEQ ID NO : 26 ) , ( SEQ ID ing consensus protein gO SEQ ID NO : 11 and / or SEQ ID NO : 28 ) , ( SEQ ID NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID 
NO : 31 and / or SEQ ID NO : 51 . Vaccines may comprise 15 . NO : 34 ) . ( SEO ID NO : 38 ) , ( SEO ID NO : 40 ) , ( SEO ID 
consensus protein go coding sequences SEQ ID NO : 11 NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID 
and / or SEQ ID NO : 31 and / or SEQ ID NO : 51 plus one or NO : 48 ) , ( SEQ ID NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEQ ID 
more coding sequences for gB , gM , gN , GH , GL , UL128 , NO : 54 ) , ( SEO ID NO : 58 ) , ( SEQ ID NO : 60 ) . 
UL130 , UL131a and UL83 . Vaccines may comprise go Vaccines may comprise specific coding sequences encod 
coding sequences ( SEQ ID NO : 11 and / or SEQ ID NO : 31 20 ing consensus protein UL130 ( SEQ ID NO : 15 and / or SEQ 
and / or SEQ ID NO : 51 ) plus consensus protein coding ID NO : 35 and / or SEQ ID NO : 55 ) . Vaccines may comprise 
sequences ( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID consensus protein UL130 coding sequences SEQ TD NO : 15 
NO : 5 ) , ( SEQ ID NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 13 ) , and / or SEQ TD NO : 35 and / or SEQ ID NO : 55 plus one or 
( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ more coding sequences for gB , GM , gN , GH , GL , GO , UL128 , 
ID NO : 21 ) , ( SEO ID NO : 23 ) , ( SEO ID NO : 25 ) , ( SEQ ID 25 UL131a and UL83 . Vaccines may comprise UL130 coding 
NO : 27 ) , ( SEQ ID NO : 29 ) , ( SEQ ID NO : 33 ) , ( SEQ ID sequences ( SEQ ID NO : 15 and / or SEQ ID NO : 35 and / or 
NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 39 ) , ( SEQ ID SEQ ID NO : 55 ) plus consensus protein coding sequences 
NO : 41 ) , ( SEO ID NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID ( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID NO : 5 ) , ( SEQ ID 
NO : 47 ) , ( SEQ ID NO : 49 ) , ( SEQ ID NO : 53 ) , ( SEQ ID NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , 
NO : 55 ) , ( SEQ ID NO : 57 ) , and ( SEQ ID NO : 59 ) . 30 ( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ ID NO : 21 ) , ( SEQ 

Vaccines may comprise coding sequences for consensus ID NO : 23 ) , ( SEQ ID NO : 25 ) , ( SEQ ID NO : 27 ) , ( SEQ ID 
protein UL128 ( SEQ ID NO : 14 and / or SEQ ID NO : 34 NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 33 ) , ( SEQ ID 
and / or SEQ ID NO : 54 ) . Vaccines may comprise coding NO : 37 ) , ( SEQ ID NO : 39 ) , ( SEQ ID NO : 41 ) , ( SEQ ID 
sequences for consensus protein UL128 ( SEQ ID NO : 14 . NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEO ID 
and / or SEQ ID NO : 34 and / or SEQ ID NO : 54 ) plus one or 35 NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID 
more coding sequences for gB , GM , gN , GH , GL , GO , UL130 , NO : 57 ) , and ( SEQ ID NO : 59 ) . 
UL131a and UL83 . Vaccines may comprise coding Vaccines may comprise coding sequences for consensus 
sequences for consensus protein UL128 ( SEQ ID NO : 14 protein UL131a ( SEQ ID NO : 18 and / or SEQ ID NO : 38 
and / or SEQ ID NO : 34 and / or SEQ ID NO : 54 ) plus coding and / or SEQ ID NO : 58 ) . Vaccines may comprise coding 
sequences for one or more of ( SEQ ID NO : 2 ) , ( SEQ ID 40 sequences for consensus protein UL131a ( SEQ ID NO : 18 
NO : 4 ) , ( SEQ ID NO : 6 ) , ( SEQ ID NO : 8 ) , ( SEQ ID NO : 10 ) , and / or SEQ ID NO : 38 and / or SEQ ID NO : 58 ) plus one or 
( SEQ TD NO : 12 ) , ( SEQ TD NO : 16 ) , ( SEQ TD NO : 18 ) more coding sequences for gB , GM , gN , GH , GL , CO , UL128 , 
( SEQ TD NO : 20 ) , ( SEQ ID NO : 22 ) , ( SEQ ID NO : 24 ) , UL130 and UL83 . Vaccines may comprise coding sequences 
( SEQ ID NO : 26 ) , ( SEQ ID NO : 28 ) , ( SEQ ID NO : 30 ) , ( SEQ for consensus protein UL131a ( SEQ ID NO : 18 and / or SEQ 
ID NO : 32 ) , ( SEO ID NO : 36 ) , ( SEO ID NO : 38 ) , ( SEQ ID 45 ID NO : 38 and / or SEQ ID NO : 58 ) plus coding sequences for 
NO : 40 ) , ( SEQ ID NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID one or more of ( SEQ ID NO : 2 ) , ( SEQ ID NO : 4 ) , ( SEQ ID 
NO : 46 ) , ( SEO ID NO : 48 ) , ( SEO ID NO : 50 ) , ( SEO ID NO : 6 ) , ( SEO ID NO : 8 ) , ( SEO ID NO : 10 ) , ( SEO ID NO : 12 ) , 
NO : 52 ) , ( SEQ ID NO : 56 ) , ( SEQ ID NO : 58 ) , ( SEQ ID ( SEQ ID NO : 14 ) , ( SEQ ID NO : 16 ) , ( SEQ ID NO : 20 ) , ( SEQ 
NO : 60 ) . ID NO : 22 ) , ( SEO ID NO : 24 ) , ( SEO ID NO : 26 ) , ( SEO ID 

Vaccines may comprise specific coding sequences encod - 50 NO : 28 ) , ( SEQ ID NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID 
ing consensus protein UL128 SEQ ID NO : 13 and / or SEQ ID NO : 34 ) , ( SEQ ID NO : 36 ) , and ( SEQ ID NO : 40 ) , ( SEQ ID 
NO : 33 and / or SEQ ID NO : 53 . Vaccines may comprise NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID 
consensus protein UL128 coding sequences SEQ ID NO : 13 NO : 48 ) , ( SEQ ID NO : 50 ) , ( SEQ ID NO : 52 ) , ( SEQ ID 
and / or SEO ID NO : 33 and / or SEQ ID NO : 53 plus one or NO : 54 ) , ( SEQ ID NO : 56 ) , and ( SEO ID NO : 60 ) . 
more coding sequences for gB , gM , gN , GH , gL , GO , UL130 , 55 Vaccines may comprise specific coding sequences encod 
UL131a and UL83 . Vaccines may comprise UL128 coding ing consensus protein UL131a SEQ ID NO : 17 and / or SEQ 
sequences ( SEQ ID NO : 13 and / or SEQ ID NO : 33 and / or ID NO : 37 and / or SEQ ID NO : 57 . Vaccines may comprise 
SEQ ID NO : 53 ) plus consensus protein coding sequences consensus protein UL131a coding sequences SEQ ID NO : 17 
( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID NO : 5 ) , ( SEQ ID and / or SEQ ID NO : 37 and / or SEQ ID NO : 57 plus one or 
NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 15 ) , 60 more coding sequences for gB , GM , gN , GH , NL , GO , UL128 , 
( SEQ ID NO : 17 ) , ( SEQ ID NO : 19 ) , ( SEQ ID NO : 21 ) , ( SEQ UL130 and UL83 . Vaccines may comprise UL131a coding 
ID NO : 23 ) , ( SEO ID NO : 25 ) , ( SEO ID NO : 27 ) , ( SEO ID sequences ( SEO ID NO : 17 and / or SEO ID NO : 57 and / or 
NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 35 ) , ( SEQ ID SEQ ID NO : 37 ) plus consensus protein coding sequences 
NO : 37 ) , ( SEQ ID NO : 39 ) , ( SEQ ID NO : 41 ) , ( SEQ ID ( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID NO : 5 ) , ( SEQ ID 
NO : 43 ) , ( SEO ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEQ ID 65 NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , 
NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 55 ) , ( SEQ ID ( SEQ ID NO : 15 ) , ( SEQ ID NO : 19 ) , ( SEQ ID NO : 21 ) , ( SEQ 
NO : 57 ) , and ( SEQ ID NO : 59 ) . ID NO : 23 ) , ( SEQ ID NO : 25 ) , ( SEQ ID NO : 27 ) , ( SEQ ID 

m 
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NO : 29 ) , ( SEQ ID NO : 31 ) , ( SEQ ID NO : 33 ) , ( SEQ ID more of the other CeHV1 consensus proteins . Vaccines may 
NO : 35 ) , ( SEO TD NO : 39 ) , ( SEO ID NO : 41 ) , ( SEO ID comprise a CeHV1 coding sequence ( DNA sequence ) plus a 
NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEQ ID consensus CeHV1 coding sequence for any one or more of 
NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID the other CeHV1 coding sequences . 
NO : 55 ) , and ( SEQ ID NO : 59 ) . Vaccines may comprise specific coding sequences encod 

Vaccines may comprise coding sequences for consensus ing consensus protein VZV - gB , VZV - gH , VZV - gL , VZV protein UL83 SEQ ID NO : 20 and / or SEQ ID NO : 40 and / or gC , VZV - gK , VZV - OM , VZV - gN , VZV - gE , or VZV - gl , SEQ ID NO : 6 ) . Vaccines may comprise coding sequences optionally with an IgE leader sequence and / or HA tag . for consensus protein UL83 ( SEQ ID NO : 20 and / or SEQ ID Vaccines may comprise any one of the specific coding NO : 40 and / or SEQ ID NO : 60 ) plus one or more coding 10 sequences encoding a consensus VZV protein , plus one or sequences for gB , GM , gN , gH , GL , GO , UL128 , UL130 and more coding sequences for any one or more of the other UL131a . Vaccines may comprise coding sequences for con VZV consensus proteins . Vaccines may comprise a VZV sensus protein UL83 ( SEQ ID NO : 20 and / or SEQ ID NO : 40 
and / or SEQ ID NO : 60 ) plus coding sequences for one or coding sequence ( DNA sequence ) plus a consensus VZV 
more of ( SEO ID NO : 2 ) . ( SEO ID NO : 4 ) . ( SEO ID NO : 6 ) . 15 coding sequence for any one or more of the other VZV 
( SEQ ID NO : 8 ) , ( SEQ ID NO : 10 ) , ( SEQ ID NO : 12 ) , ( SEQ coding sequences . 
ID NO : 14 ) , ( SEO ID NO : 16 ) . ( SEO ID NO : 18 ) , ( SEO ID Some alternative embodiments include those which com 
NO : 22 ) , ( SEO ID NO : 24 ) , ( SEO ID NO : 26 ) . ( SEO ID prise nucleic acid sequences encoding immunogenic frag 
NO : 28 ) , ( SEO ID NO : 30 ) , ( SEQ ID NO : 32 ) , ( SEQ ID ments of one or more herpes virus antigens , one or more 
NO : 34 ) , ( SEO ID NO : 36 ) , ( SEO ID NO : 38 ) , ( SEO ID 20 proteins homologous to herpes virusantigens , and immuno 
NO : 42 ) , ( SEQ ID NO : 44 ) , ( SEQ ID NO : 46 ) , ( SEQ ID genic fragments of one or more proteins homologous to 
NO : 48 ) , ( SEO ID NO : 50 ) , ( SEO ID NO : 52 ) , ( SEQ ID herpes virusantigens . Some alternative embodiments 
NO : 54 ) , ( SEQ ID NO : 56 ) , and ( SEQ ID NO : 58 ) . include those which comprise one or more herpes virusan 

Vaccines may comprise specific coding sequences encod - tigen proteins , immunogenic fragments of one or more 
ing consensus protein UL83 SEQ ID NO : 19 and / or SEQ ID 25 herpes virus antigens , one or more proteins homologous to 
NO : 39 and / or SEQ ID NO : 59 . Vaccines may comprise herpes virus antigens , and immunogenic fragments of one or 
consensus protein UL83 a coding sequences SEQ ID NO : 19 more proteins homologous to herpes virus antigens . 
and / or SEQ ID NO : 39 and / or SEQ ID NO : 59 plus one or Some embodiments provide methods of generating 
more coding sequences for gB , gM , gN , gH , gL , gO , UL128 , immune responses against herpes virus proteins comprise 
UL130 and UL 131a . Vaccines may comprise UL83 coding 30 administering to an individual one or more compositions 
sequences ( SEQ ID NO : 19 and / or SEQ ID NO : 39 and / or which collectively comprise one or more coding sequences 
SEQ ID NO : 59 ) plus consensus protein coding sequences or combinations described herein . Some embodiments pro 
( SEQ ID NO : 1 ) , ( SEQ ID NO : 3 ) , ( SEQ ID NO : 5 ) , ( SEQ ID vide methods of prophylactically vaccinating an individual 
NO : 7 ) , ( SEQ ID NO : 9 ) , ( SEQ ID NO : 11 ) , ( SEQ ID NO : 13 ) , against herpes virus infection comprise administering one or 
( SEQ ID NO : 15 ) , ( SEQ ID NO : 17 ) , ( SEQ ID NO : 21 ) , ( SEQ 35 more compositions which collectively comprise one or more 
ID NO : 23 ) , ( SEQ ID NO : 25 ) , ( SEQ ID NO : 27 ) , ( SEQ ID coding sequences or combinations described herein . Some 
NO : 29 ) , ( SEO ID NO : 31 ) , ( SEO ID NO : 33 ) , ( SEO ID embodiments provide methods of therapeutically vaccinat 
NO : 35 ) , ( SEQ ID NO : 37 ) , ( SEQ ID NO : 41 ) , ( SEQ ID ing an individual has been infected with herpes virus com 
NO : 43 ) , ( SEQ ID NO : 45 ) , ( SEQ ID NO : 47 ) , ( SEQ ID prise administering one or more compositions which col 
NO : 49 ) , ( SEQ ID NO : 51 ) , ( SEQ ID NO : 53 ) , ( SEQ ID 40 lectively comprise one or more coding sequences or 
NO : 55 ) , and ( SEQ ID NO : 57 ) . combinations described herein . 

Vaccines may comprise specific coding sequences encod The vaccine may be a DNA vaccine . The DNA vaccine 
ing consensus protein HSV1 - gB , HSV1 - gH , HSV1 - gl , may comprise a plurality of the same or different plasmids 
HSV - gC , or HSV1 - gD , optionally with an IgE leader comprising one or more of consensus herpes virus nucleic 
sequence and / or HA tag . Vaccines may comprise any one of 45 acid sequences . The DNA vaccine may comprise one or 
the specific coding sequences encoding a consensus HSV1 more nucleic acid sequences that encode one or more 
protein , plus one or more coding sequences for any one or consensus herpes virus antigens . When the DNA vaccine 
more of the other HSV1 consensus proteins . Vaccines may comprises more than one consensus herpes virus nucleic 
comprise a HSV1 coding sequence ( DNA sequence ) plus a acid sequences , all such sequences may be present on a 
consensus HSV1 coding sequence for any one or more of the 50 single plasmid , or each such sequences may be present on a 
other HSV1 coding sequences . different plasmids , or some plasmids may comprise a single 

Vaccines may comprise specific coding sequences encod consensus herpes virus nucleic acid sequences while other 
ing consensus protein HSV2 - 3B , HSV2 - gH , HSV2 - gL , plasmids have more than one consensus herpes virus nucleic 
HSV2 - gC , or HSV2 - gD , optionally with an IgE leader acid sequences . In addition , DNA vaccines may further 
sequence and / or HA tag . Vaccines may comprise any one of 55 comprise one or more consensus coding sequences for one 
the specific coding sequences encoding a consensus HSV2 or more herpes virus antigens . Such additional coding 
protein , plus one or more coding sequences for any one or sequences may be on the same or different plasmids from 
more of the other HSV2 consensus proteins . Vaccines may each other and from the plasmids comprising one or more of 
comprise a HSV2 coding sequence ( DNA sequence ) plus a consensus pros 
consensus HSV2 coding sequence for any one or more of the 60 DNA vaccines are disclosed in U . S . Pat . Nos . 5 , 593 , 972 , 
other HSV2 coding sequences . 5 , 739 , 118 , 5 , 817 , 637 , 5 , 830 , 876 , 5 , 962 , 428 , 5 , 981 , 505 , 

Vaccines may comprise specific coding sequences encod - 5 , 580 , 859 , 5 , 703 , 055 , and 5 , 676 , 594 , which are incorpo 
ing consensus protein CeHV1 - gB , CeHV1 - gH , CeHV1 - gL , rated herein fully by reference . The DNA vaccine can further 
CeHV1 - 9C , or CeHV1 - gD , optionally with an IgE leader comprise elements or reagents that inhibit it from integrating 
sequence and / or HA tag . Vaccines may comprise any one of 65 into the chromosome . The vaccine can be an RNA of the 
the specific coding sequences encoding a consensus CeHV1 herpes virus antigen . The RNA vaccine can be introduced 
protein , plus one or more coding sequences for any one or into the cell . 
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The vaccine can be a recombinant vaccine comprising the mg / ml , less than 0 . 250 mg / ml , less than 0 . 100 mg / ml , less 
genetic construct or antigen described above . The vaccine than 0 . 050 mg / ml , or less than 0 . 010 mg / ml . 
can also comprise one or more consensus herpes virus The pharmaceutically acceptable excipient may be an 
antigen in the form of one or more protein subunits , one or adjuvant . The adjuvant may be other genes that are 
more killed viral particles comprising one or more consen - 5 expressed in alternative plasmid or are delivered as proteins 
sus herpes virus antigens , or one or more attenuated viral in combination with the plasmid above in the vaccine . The 
particles comprising one or more consensus herpes virus adjuvant may be selected from the group consisting of : 
antigens . The attenuated vaccine can be attenuated live a - interferon ( IFN - a ) , B - interferon ( IFN - B ) , y - interferon , vaccines , killed vaccines and vaccines that use recombinant platelet derived growth factor ( PDGF ) , TNFa , TNFB , GM vectors to deliver foreign genes that encode one or more 10 CSF , epidermal growth factor ( EGF ) , cutaneous T cell consensus herpes virus antigens , and well as subunit and attracting chemokine ( CTACK ) , epithelial thymus - ex glycoprotein vaccines . Examples of attenuated live vac pressed chemokine ( TECK ) , mucosae - associated epithelial cines , those using recombinant vectors to deliver foreign 
antigens , subunit vaccines and glycoprotein vaccines are chemokine ( MEC ) , IL - 12 , IL - 15 , MHC , CD80 , CD86 
described in U . S . Pat . Nos . 4 . 510 . 245 : 4 . 797 368 : 4 . 722 . 15 including IL - 15 having the signal sequence deleted and 
848 ; 4 , 790 , 987 ; 4 , 920 , 209 ; 5 , 017 , 487 ; 5 , 077 , 044 ; 5 , 110 , optionally including the signal peptide from IgE . The adju 
587 ; 5 , 112 , 749 ; 5 , 174 , 993 ; 5 , 223 , 424 ; 5 , 225 , 336 ; 5 . 240 . vant may be IL - 12 , IL - 15 , IL - 28 , CTACK , TECK , platelet 
703 : 5 . 242 . 829 : 5 . 294 . 441 : 5 . 294 . 548 : 5 . 310 . 668 : 5 . 387 . derived growth factor ( PDGF ) , TNFa , TNFB , GM - CSF , 
744 ; 5 , 389 , 368 ; 5 , 424 , 065 ; 5 , 451 , 499 ; 5 , 453 , 364 ; 5 , 462 , epidermal growth factor ( EGF ) , IL - 1 , IL - 2 , IL - 4 , IL - 5 , IL - 6 , 
734 ; 5 , 470 , 734 ; 5 , 474 , 935 ; 5 , 482 , 713 ; 5 , 591 , 439 ; 5 , 643 , 20 IL - 10 , IL - 12 , IL - 18 , or a combination thereof . 
579 ; 5 , 650 , 309 ; 5 , 698 , 202 ; 5 , 955 , 088 ; 6 , 034 , 298 ; 6 , 042 , Other genes which may be useful adjuvants include those 
836 ; 6 , 156 , 319 and 6 , 589 , 529 , which are each incorporated encoding : MCP - 1 , MIP - 1a , MIP - 1p , IL - 8 , RANTES , L - se 
herein by reference . lectin , P - selectin , E - selectin , CD34 , GlyCAM - 1 , MadCAM 

The vaccine can comprise vectors and / or proteins directed 1 , LFA - 1 , VLA - 1 , Mac - 1 , p150 . 95 , PECAM , TCAM - 1 , 
to herpes virus serotypes from particular regions in the 25 TCAM - 2 , TCAM - 3 , CD2 , LFA - 3 , M - CSF , G - CSF , IL - 4 , 
world . The vaccine can also be directed against herpes virus mutant forms of IL - 18 , CD40 , CD40L , vascular growth 
serotypes from multiple regions in the world . factor , fibroblast growth factor , IL - 7 , nerve growth factor , 

The vaccine provided may be used to induce immune vascular endothelial growth factor , Fas , TNF receptor , Flt , responses including therapeutic or prophylactic immune Apo - 1 , p55 , WSL - 1 , DR3 , TRAMP , Apo - 3 , AIR , LARD , 
responses . Antibodies and / or killer T cells may be generated 30 NGRF , DR4 , DR5 , KILLER , TRAIL - R2 , TRICK2 , DR6 , which are directed to the consensus herpes virus antigen , and Caspase ICE , Fos , c - jun , Sp - 1 , Ap - 1 , Ap - 2 , p38 , p65Rel , also broadly across multiple subtypes of herpes viruses . 
Such antibodies and cells may be isolated . MyD88 , TRAK , TRAF6 , TkB , Inactive NTK , SAP K , 

SAP - 1 , INK , interferon response genes , NFkB , Bax , The vaccine can further comprise a pharmaceutically 
acceptable excipient . The pharmaceutically acceptable 35 TRAIL , TRAILrec , TRAILrecDRC5 , TRAIL - R3 , TRAIL 
excipient can be functional molecules as vehicles , adjuvants , R4 , RANK , RANK LIGAND , Ox40 , Ox40 LIGAND , 
carriers , or diluents . The pharmaceutically acceptable NKG2D , MICA , MICB , NKG2A , NKG2B , NKG2C , 
excipient can be a transfection facilitating agent , which can which can NKG2E , NKG2F , TAPI , TAP2 and functional fragments 
include surface active agents , such as immune - stimulating thereof . 
complexes ( ISCOMS ) , Freunds incomplete adjuvant , LPS 40 The vaccine can further comprise a genetic vaccine facili 
analog including monophosphoryl lipid A , muramyl pep - tator agent as described in U . S . Pat . No . 5 , 739 , 118 , filed Apr . 
tides , quinone analogs , vesicles such as squalene and 1 , 1994 , which is fully incorporated by reference . 
squalene , hyaluronic acid , lipids , liposomes , calcium ions , 
viral proteins , polyanions , polycations , or nanoparticles , or 5 . Methods of Delivery 
other known transfection facilitating agents . 45 

The transfection facilitating agent is a polyanion , poly - Provided herein is a method for delivering the pharma 
cation , including poly - L - glutamate ( LGS ) , or lipid . The ceutical formulations , preferably vaccines , for providing 
transfection facilitating agent is poly - L - glutamate , and more genetic constructs and proteins of the herpes virus antigen 
preferably , the poly - L - glutamate is present in the vaccine at which comprise epitopes that make them particular effective 
a concentration less than 6 mg / ml . The transfection facili - 50 immunogens against which an immune response to herpes 
tating agent can also include surface active agents such as virus viral infections can be induced . The method of deliv 
immune - stimulating complexes ( ISCOMS ) , Freunds incom - ering the vaccine , or vaccination , can be provided to induce 
plete adjuvant , LPS analog including monophosphoryl lipid a therapeutic and / or prophylactic immune response . The 
A , muramyl peptides , quinone analogs and vesicles such as vaccination process can generate in the mammal an immune 
squalene and squalene , and hyaluronic acid can also be used 55 response against a plurality of herpes virus subtypes . The 
administered in conjunction with the genetic construct . In vaccine can be delivered to an individual to modulate the 
some embodiments , the DNA vector vaccines can also activity of the mammal ' s immune system and enhance the 
include a transfection facilitating agent such as lipids , lipo - immune response . The delivery of the vaccine can be the 
somes , including lecithin liposomes or other liposomes transfection of the HA antigen as a nucleic acid molecule 
known in the art , as a DNA - liposome mixture ( see for 60 that is expressed in the cell and delivered to the surface of 
example WO9324640 ) , calcium ions , viral proteins , poly - the cell upon which the immune system recognized and 
anions , polycations , or nanoparticles , or other known trans - induces a cellular , humoral , or cellular and humoral 
fection facilitating agents . Preferably , the transfection facili response . The delivery of the vaccine can be use to induce 
tating agent is a polyanion , polycation , including poly - L - or elicit and immune response in mammals against a plu 
glutamate ( LGS ) , or lipid . Concentration of the transfection 65 rality of herpes viruses , herpes family specific , by adminis 
agent in the vaccine is less than 4 mg / ml , less than 2 mg / ml , tering to the mammals the relevant herpes virus family 
less than 1 mg / ml , less than 0 . 750 mg / ml , less than 0 . 500 vaccine as discussed herein . 

3 . Me 
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Upon delivery of the vaccine to the mammal , and there The vector of the vaccine can be delivered to the mammal 
upon the vector into the cells of the mammal , the transfected by several well known technologies including DNA injec 
cells will express and secrete the corresponding one or more tion ( also referred to as DNA vaccination ) with and without 
herpes virusantigens . These secreted proteins , or synthetic in vivo electroporation , liposome mediated , nanoparticle 
antigens , will be recognized as foreign by the immune 5 facilitated , recombinant vectors such as recombinant adeno 
system , which will mount an immune response that can virus , recombinant adenovirus associated virus and recom 
include : antibodies made against the antigens , and T - cell binant vaccinia . The herpes virus antigen can be delivered response specifically against the antigen . In some examples , via DNA injection and along with in vivo electroporation . 
a mammal vaccinated with the vaccines discussed herein c . Electroporation will have a primed immune system and when challenged 10 Administration of the vaccine via electroporation of the with a relevant herpes viral strain , the primed immune plasmids of the vaccine may be accomplished using elec system will allow for rapid clearing of subsequent herpes troporation devices that can be configured to deliver to a viruses , whether through the humoral , cellular , or both . The 
vaccine can be delivered to an individual to modulate the desired tissue of a mammal a pulse of energy effective to 

in cell membranes , and activity of the individual ' s immune system thereby enhanc - 15 cause reversible pores to form 
ing the immune response . preferable the pulse of energy is a constant current similar to 

The vaccine can be delivered in the form of a DNA a preset current input by a user . The electroporation device 
vaccine and methods of delivering a DNA vaccines are may comprise an electroporation component and an elec 
described in U . S . Pat . Nos . 4 , 945 , 050 and 5 , 036 , 006 , which trode assembly or handle assembly . The electroporation 
are both incorporated fully by reference . 20 component may include and incorporate one or more of the 

The vaccine can be administered to a mammal to elicit an various elements of the electroporation devices , including : 
immune response in a mammal . The mammal can be human , controller , current waveform generator , impedance tester , 
non - human primate , cow , pig , sheep , goat , antelope , bison , waveform logger , input element , status reporting element , 
water buffalo , bovids , deer , hedgehogs , elephants , llama , communication port , memory component , power source , 
alpaca , mice , rats , or chicken , and preferably human , cow , 25 and power switch . The electroporation may be accomplished 
pig , or chicken . using an in vivo electroporation device , for example CEL 

a . Combination Treatments LECTRA® EP system ( Inovio Pharmaceuticals , Inc . , Blue 
The pharmaceutical compositions , preferably vaccines , Bell , Pa . ) or Elgen electroporator ( Inovio Pharmaceuticals , 

can be administered in combination with one or more herpes Inc . , Blue Bell , Pa . ) to facilitate transfection of cells by the 
virus antigens . The vaccine can be administered in combi - 30 plasmid . 
nation with proteins or genes encoding adjuvants , which can The electroporation component may function as one ele 
include : a - interferon ( IFN - a ) , B - interferon ( IFN - B ) , y - inter - ment of the electroporation devices , and the other elements 
feron , IL - 12 , IL - 15 , IL - 28 , CTACK , TECK , platelet derived are separate elements ( or components ) in communication 
growth factor ( PDGF ) , TNFa , TNFB , GM - CSF , epidermal with the electroporation component . The electroporation 
growth factor ( EGF ) , IL - 1 , IL - 2 , IL - 4 , IL - 5 , IL - 6 , IL - 10 , 35 component may function as more than one element of the 
IL - 12 , IL - 18 , MCP - 1 , MIP - 1a , MIP - 1p , IL - 8 , RANTES , electroporation devices , which may be in communication 
L - selectin , P - selectin , E - selectin , CD34 , GlyCAM - 1 , Mad with still other elements of the electroporation devices 
CAM - 1 , LFA - 1 , VLA - 1 , Mac - 1 , p150 . 95 , PECAM , ICAM separate from the electroporation component . The elements 
1 , ICAM - 2 , ICAM - 3 , CD2 , LFA - 3 , M - CSF , G - CSF , IL - 4 , of the electroporation devices existing as parts of one 
mutant forms of IL - 18 , CD40 , CD40L , vascular growth 40 electromechanical or mechanical device may not limited as 
factor , fibroblast growth factor , IL - 7 , nerve growth factor , the elements can function as one device or as separate 
vascular endothelial growth factor , Fas , TNF receptor , Flt , elements in communication with one another . The electropo 
Apo - 1 , p55 , WSL - 1 , DR3 , TRAMP , Apo - 3 , AIR , LARD , ration component may be capable of delivering the pulse of 
NGRF , DR4 , DR5 , KILLER , TRAIL - R2 , TRICK2 , DR6 , energy that produces the constant current in the desired 
Caspase ICE , Fos , c - jun , Sp - 1 , Ap - 1 , Ap - 2 , p38 , p65Rel , 45 tissue , and includes a feedback mechanism . The electrode 
MyD88 , IRAK , TRAF6 , IkB , Inactive NIK , SAPK , SAP - 1 , assembly may include an electrode array having a plurality 
JNK , interferon response genes , NFkB , Bax , TRAIL , of electrodes in a spatial arrangement , wherein the electrode 
TRAILrec , TRAILrecDRC5 , TRAIL - R3 , TRAIL - R4 , assembly receives the pulse of energy from the electropo 
RANK , RANK LIGAND , Ox40 , Ox40 LIGAND , NKG2D , ration component and delivers same to the desired tissue 
MICA , MICB , NKG2A , NKG2B , NKG2C , NKG2E , 50 through the electrodes . At least one of the plurality of 
NKG2F , TAP1 , or TAP2 , or functional fragments thereof . electrodes is neutral during delivery of the pulse of energy 

b . Routes of Administration and measures impedance in the desired tissue and commu 
The vaccine can be administered by different routes nicates the impedance to the electroporation component . 

including orally , parenterally , sublingually , transdermally , The feedback mechanism may receive the measured imped 
rectally , transmucosally , topically , via inhalation , via buccal 55 ance and can adjust the pulse of energy delivered by the 
administration , intrapleurally , intravenous , intraarterial , electroporation component to maintain the constant current . 
intraperitoneal , subcutaneous , intramuscular , intranasal A plurality of electrodes may deliver the pulse of energy 
intrathecal , and intraarticular or combinations thereof . For in a decentralized pattern . The plurality of electrodes may 
veterinary use , the composition can be administered as a deliver the pulse of energy in the decentralized pattern 
suitably acceptable formulation in accordance with normal 60 through the control of the electrodes under a programmed 
veterinary practice . The veterinarian can readily determine sequence , and the programmed sequence is input by a user 
the dosing regimen and route of administration that is most to the electroporation component . The programmed 
appropriate for a particular animal . The vaccine can be sequence may comprise a plurality of pulses delivered in 
administered by traditional syringes , needleless injection sequence , wherein each pulse of the plurality of pulses is 
devices , “ microprojectile bombardment gone guns ” , or other 65 delivered by at least two active electrodes with one neutral 
physical methods such as electroporation ( “ EP ” ) , “ hydro - electrode that measures impedance , and wherein a subse 
dynamic method " , or ultrasound . quent pulse of the plurality of pulses is delivered by a 
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different one of at least two active electrodes with one adapted for deep penetration into not only tissues such as 
neutral electrode that measures impedance . muscle , but also other tissues or organs . Because of the 

The feedback mechanism may be performed by either configuration of the electrode array , the injection needle ( to 
hardware or software . The feedback mechanism may be deliver the biomolecule of choice ) is also inserted com 
performed by an analog closed - loop circuit . The feedback 5 pletely into the target organ , and the injection is adminis 
occurs every 50 us , 20 us , 10 us or 1 us , but is preferably a tered perpendicular to the target issue , in the area that is 
real - time feedback or instantaneous ( i . e . , substantially pre - delineated by the electrodes The electrodes described in 
instantaneous as determined by available techniques for U . S . Pat . No . 7 , 245 , 963 and U . S . Patent Pub . 2005 / 005263 
determining response time ) . The neutral electrode may mea are preferably 20 mm long and 21 gauge . 
sure the impedance in the desired tissue and communicates 10 . Additionally , contemplated in some embodiments that 

incorporate electroporation devices and uses thereof , there the impedance to the feedback mechanism , and the feedback are electroporation devices that are those described in the mechanism responds to the impedance and adjusts the pulse following patents : U . S . Pat . No . 5 , 273 , 525 issued Dec . 28 , 
of energy to maintain the constant current at a value similar 1993 , U . S . Pat . No . 6 , 110 , 161 issued Aug . 29 , 2000 , U . S . 
to the preset current . The feedback mechanism may maintain sm may maintain Pat . No . 6 , 261 , 281 issued Jul . 17 , 2001 , and U . S . Pat . No . 
the constant current continuously and instantaneously dur - 15 6 , 958 , 060 issued Oct . 25 , 2005 , and U . S . Pat . No . 6 , 939 , 862 
ing the delivery of the pulse of energy . issued Sep . 6 , 2005 . Furthermore , patents covering subject 

Examples of electroporation devices and electroporation matter provided in U . S . Pat . No . 6 , 697 , 669 issued Feb . 24 , 
methods that may facilitate delivery of the DNA vaccines of 2004 , which concerns delivery of DNA using any of a 
the present invention , include those described in U . S . Pat . variety of devices , and U . S . Pat . No . 7 , 328 , 064 issued Feb . 
No . 7 , 245 , 963 by Draghia - Akli , et al . , U . S . Patent Pub . 205 , 2008 , drawn to method of injecting DNA are contem 
2005 / 0052630 submitted by Smith , et al . , the contents of plated herein . The above - patents are incorporated by refer 
which are hereby incorporated by reference in their entirety . ence in their entirety . 
Other electroporation devices and electroporation methods d . Method of Preparing Vaccine 
that may be used for facilitating delivery of the DNA Provided herein is methods for preparing the DNA plas 
vaccines include those provided in co - pending and co - 25 mids that comprise the DNA vaccines discussed herein . The 
owned U . S . patent application Ser . No . 11 / 874 , 072 , filed DNA plasmids , after the final subcloning step into the 
Oct . 17 , 2007 , which claims the benefit under 35 USC 119 ( e ) mammalian expression plasmid , can be used to inoculate a 
to U . S . Provisional Application Ser . No . 60 / 852 , 149 , filed cell culture in a large scale fermentation tank , using known 

methods in the art . Oct . 17 , 2006 , and 60 / 978 , 982 , filed Oct . 10 , 2007 , all of The DNA plasmids for use with the EP devices of the which are hereby incorporated in their entirety . present invention can be formulated or manufactured using U . S . Pat . No . 7 , 245 , 963 by Draghia - Akli , et al . describes a combination of known devices and techniques , but pref modular electrode systems and their use for facilitating the erably they are manufactured using an optimized plasmid 
introduction of a biomolecule into cells of a selected tissue manufacturing technique that is described in a licensed , 
in a body or plant . The modular electrode systems may co - pending U . S . provisional application U . S . Ser . No . 
comprise a plurality of needle electrodes ; a hypodermic 35 60 / 939 , 792 , which was filed on May 23 , 2007 . In some 
needle ; an electrical connector that provides a conductive examples , the DNA plasmids used in these studies can be 
link from a programmable constant - current pulse controller formulated at concentrations greater than or equal to 10 
to the plurality of needle electrodes ; and a power source . An mg / mL . The manufacturing techniques also include or incor 
operator can grasp the plurality of needle electrodes that are porate various devices and protocols that are commonly 
mounted on a support structure and firmly insert them into 40 known to those of ordinary skill in the art , in addition to 
the selected tissue in a body or plant . The biomolecules are those described in U . S . Ser . No . 60 / 939 , 792 , including those 
then delivered via the hypodermic needle into the selected described in a licensed patent , U . S . Pat . No . 7 , 238 , 522 , 
tissue . The programmable constant - current pulse controller which issued on Jul . 3 , 2007 . The above - referenced appli 
is activated and constant - current electrical pulse is applied to cation and patent , U . S . Ser . No . 60 / 939 , 792 and U . S . Pat . 
the plurality of needle electrodes . The applied constant - 45 No . 7 , 238 , 522 , respectively , are hereby incorporated in their 
current electrical pulse facilitates the introduction of the entirety . 
biomolecule into the cell between the plurality of electrodes . EXAMPLES The entire content of U . S . Pat . No . 7 , 245 , 963 is hereby 
incorporated by reference . The present invention is further illustrated in the follow 

U . S . Patent Pub . 2005 / 0052630 submitted by Smith , et al . 50 ing Examples . It should be understood that these Examples . 
describes an electroporation device which may be used to while indicating preferred embodiments of the invention , are effectively facilitate the introduction of a biomolecule into given by way of illustration only . From the above discussion 
cells of a selected tissue in a body or plant . The electropo and these Examples , one skilled in the art can ascertain the 
ration device comprises an electro - kinetic device ( “ EKD essential characteristics of this invention , and without 
device ” ) whose operation is specified by software or firm - 55 departing from the spirit and scope thereof , can make 
ware . The EKD device produces a series of programmable various changes and modifications of the invention to adapt 
constant - current pulse patterns between electrodes in an it to various usages and conditions . Thus , various modifi 
array based on user control and input of the pulse param - cations of the invention in addition to those shown and 
eters , and allows the storage and acquisition of current described herein will be apparent to those skilled in the art 
waveform data . The electroporation device also comprises a 60 from the foregoing description . Such modifications are also 
replaceable electrode disk having an array of needle elec - intended to fall within the scope of the appended claims . 
trodes , a central injection channel for an injection needle , 
and a removable guide disk . The entire content of U . S . Example 1 Generating Herpes Antigens and 
Patent Pub . 2005 / 0052630 is hereby incorporated by refer Expression Constructs 
ence . 65 

The electrode arrays and methods described in U . S . Pat . A DNA vaccine strategy was employed that focused on 
No . 7 , 245 , 963 and U . S . Patent Pub . 2005 / 0052630 may be glycoproteins , chaperone proteins and matrix proteins of 
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herpes virus family . To increase the potential breadth of putative third gH group along with the JHC clinical isolate . 
immunity elicited by each viral antigen ( Ag ) , phylogenetic Phylogenetic analysis of the gL protein , while similarly 
diversity was first examined to assess polymorphism and to highly conserved ( ~ 91 % ) , was less distinctly grouped ( FIG . 
aid in the production of clinically - relevant consensus amino 170 ) . Upon removal of amino acid sequences of gLs from 
acid sequences . 5 strains extensively passaged the resultant DNA consensus 
Genetic and Statistical Analysis immunogen fell closest on the tree to the JHC and Merlin 

Phylogenetic and molecular evolutionary analyses were clinical isolates and farthest away from the AD169 and 
conducted using MEGA version 5 ( Tamura , Peterson , Towne lab - adapted strains . The third component of the 
Stecher , Nei , and Kumar 2011 ) to estimate diversity among classically defined gCIII complex is the go , which is highly 
clinically relevant and publically available herpes target 10 glycosylated , and is highly variable at the 5 ' end . Since go 
protein sequences used for generating consensus vaccine polymorphism was high ( ~ 55 % ) , we chose the consensus 
Ags . Neighbor - joining phylogenetic reconstruction analysis sequence of the go5 genotype group for our target immu 
using the bootstrap method with 1 , 000 bootstrap replications nogen since this group has been previously described to be 
was used to generate bootstrap consensus trees with radia - genetically linked with the gN - 4c genotype , the largest gN - 4 
tion view . P - distances are shown for HCMV , for example 15 variant group and most seroprevalent ( FIG . 177 ) . Identity 
( FIG . 17 ) . within the go5 subgroup was ~ 99 % and thus , the consensus 

All values are reported as the mean + SEM . Analysis Ag was phylogenetically grouped with this subgroup that 
between groups was completed by ANOVA with a post - hoc also included the Merlin and JP clinical isolates . 
Dunnett ' s test to correct for multiple comparisons to one Novel candidate vaccine immunogens HCMV gM and gN 
control ( HCMV infected ) . All statistical analysis was carried 20 heterodimerize in the ER by both covalent disulfide bonding 
out using GraphPad Prism ( GraphPad Software Inc . , La and noncovalent interaction to form the viral infectivity 
Jolla , Calif . ) or the Statistical Package for the Social Sci complex . While the gM is highly conserved among the 
ences ( SPSS , Chicago , Ill . ) . CMV ( ~ 95 % ) , the gN is variable ( ~ 45 ) . Due to this rela 

Strategies for generating the consensus amino acid tively high identity among the gM , consensus of all clini 
sequences for each herpes immunogen are outlined , below . 25 cally relevant sequences determined our candidate vaccine 
In general , consensus sequences from highly conserved immunogen ( FIG . 17d ) . Conversely , due to the highly modi 
herpes proteins were used for vaccine immunogens while fied nature of gN , characterized by almost exclusive 
consensus sequences from specific , clinically relevant sub O - linked sugars , consensus of the gN - 4 subtype was used as 
groups were used for the highly divergent proteins . vaccine immunogen since this subgroup was reported to be 
Amino acid sequences of herpes vaccine proteins were 30 the most prevalent of all clinical isolates in North America , 

generated by taking the consensus of publically available Europe , China , and Australia ( FIG . 17e ) . Thus , this sequence 
( GenBank ) and clinically relevant strains ( passaged no more was phylogenetically closest to the gN4b subtype , which 
than six times in tissue culture ) using Vector NTI software occurs directly between the gN4a and gN4c groups , all of 
( Invitrogen ) for sequence alignment . Some plasmids ( VZV which constitute the gN4 group . 
gHgL , VZV gEgI , VZV gMgN , HSV1 gHgL , HSVI gCgD , 35 Recently , it has been shown that UL128 , UL130 , and 
HSV2 gHgL , HSV2 gCgD , CeHV1 gHgL , CeHV1 gCgD , UL131A can form a pentameric complex with gH and gL , 
PCMV - gHgL , PCMV - gMgN , and PCMV - UL ) expressed instead of the classically defined association of gH / gL / go 
multiple herpes proteins which were separated by a cleavage for the gCIII fusion complex . Furthermore , that this complex 
site ( furin site SEQ ID NO : 63 ) for the co - expression of has been described to elicit potent mAbs . Due to the 
structurally - relevant macromolecules . Genetic optimization 40 relatively high level of amino acid conservation upon 
of DNA vaccines included codon and RNA optimization for removal of high - passaged and lab - adapted strains ( ~ 87 % for 
protein expression in humans and all genes were synthesized UL128 , - 86 % for UL 130 , and ~ 73 % for UL131A ) , consen 
and subcloned into a modified PVAX1 mammalian expres - sus sequences were used for each gene for candidate vaccine 
sion vector ( GeneArt , Regensburg , Germany or GenScript , immunogens ( FIG . 17g - i ) . The UL128 vaccine sequence 
Piscataway , N . J . ) . 45 was phylogenetically grouped in a group including the 
HCMV Specific Analysis Merlin and Davis isolates , as well as the Ad169 strain . 
Phylogenetic analysis of the HCMV g? confirmed the However , Both of the UL130 and UL131A sequences were 

presence of four main variants ( gB1 - gB4 ) and one nonpro - phylogenetically distant from the Towne and AD169 lab 
totypic variant ( B5 ) ( FIG . 17a ) . Since the g? protein is strains , respectively , which have lost their ability to infect 
relatively conserved among clinical and low - passage strains 50 endothelial cells , epithelial cells , and leukocytes due to 
( ~ 86 % identical ) , we chose the consensus of these sequences deletions or mutations of these genes . And lastly , the UL83 
to represent our DNA vaccine - encoded Ag . The vaccine protein ( pp65 ) was chosen due to its current use in recent 
sequence was phylogenetically closest to the gB1 genotype vaccine strategies as a T cell target . This protein was initially 
which has been found in some cases to account for the attractive based upon its apparent dominance in the cellular 
majority of highly symptomatic individuals in the clinic . 55 immune response to HCMV since it was recognized by the 

Next , components of the HCMV gCIII fusion complex , majority of virus - specific CD8 T cells . This protein is highly 
gH , gL and go were developed as candidate immunogens conserved among the CMV and was ~ 97 % identical when 
for evaluation as a DNA vaccine . Phylogenetic analysis of no accounting for the 3 ' truncation associated with many 
gH confirmed the presence of two main genotypes in addi - published sequences ( FIG . 17j ) . Thus , consensus of the 
tion to a possible third group including the newly reported 60 UL83 proteins was used for the target vaccine Ag and was 
JHC strain that was isolated from a bone marrow transplant phylogenetically similar to the JP , VR1814 , Merlin and 
patient [ Jung , et . Al . , Virus Res . 2011 June ; 158 ( 1 - 2 ) : 298 ] Ad169 strains , but further from the Towne , Toledo , and JHC 
( FIG . 17b ) . Analysis confirmed a low level of amino acid strains . 
variation among the gHs ( ~ 7 % ) which may explain why Full - length candidate CMV immunogens were next used 
anti - gH MAbs appear broadly reactive . Due to this high 65 to construct plasmid DNA vaccines . Each Ag was geneti 
level of conservation , the DNA vaccine consensus immu - cally optimized for expression in humans , commercially 
nogen fell right between gH1 and gH2 and was closest to the synthesized , and then subcloned into a modified pVAX1 



47 
US 9 , 994 , 619 B2 

48 
mammalian expression vector . In addition , proteins requir - included at the N terminal of each translation product . 
ing heterologous interaction for the construction of func Coding sequences for g? and go were each also provided 
tional virion surface complexes were encoded in combina with coding sequences for an HA Tag ( SEQ ID NO : 62 ) so 
tion within the same DNA vaccine plasmid . Multiple that the C terminal of each HCMV antigen protein comprises 
protein - expressing plasmids gHgL , gMgN , and PUL 5 an HA Tag . Coding sequences for GUL83 in modified 
encoded ubiquitous endo - proteolytic furin cleavage sites plasmid 6 do not contain coding sequences for HA Tags . 
between immunogens to facilitate post - translational cleav - However , another version of modified plasmid 6 can be 
age and modification . In this way , co - expression of struc constructed to contain coding sequences for an HA Tag 
turally and functionally relevant proteins hypothetically ( SEQ ID NO : 62 ) so that the C terminal of the HCMV 
facilitates the formation of macromolecular complexes that 10 antigen protein comprises an HA Tag . 
may better express clinically - and virologically - relevant B Each of plasmids 1 - 6 and modified plasmids 1 - 6 may be 
cell epitopic determinants . This may be particularly critical made using the variant p Vax1 ( FIG . 1 , SEQ ID NO : 76 ) 
in cases where coexpression is required for productive disclosed herein . 
expression ; gH requires coexpression of gL for intracellular Plasmid 1 ( FIG . 2 ) is the variant pVaxl with an insert 
transport and terminal carbohydrate modifications Spaete , 15 having regulatory elements operably linked to SEQ IN 
1993 # 1195 ] and similarly , gl remains localized in the ER NO : 41 , i . e . nucleic acid sequence that encodes IgE leader 
when expressed in the absence of gH . linked to consensus GB linked to the HA Tag , thus encoding 

One plasmid included coding sequences for HCMV - gB , a the protein SEQ ID NO : 42 . 
907 - 9 amino acid protein which forms a homodimer and is Plasmid 2 ( FIG . 3 ) is a variant pVaxl with an insert 
a type I membrane protein . Another plasmid included coding 20 having regulatory elements operably linked to nucleic acid 
sequences for HCMV - OM , a 373 amino acid protein linked sequence SEQ ID NO : 64 that encodes IgE leader linked to 
to coding sequences for HCMV - gN , a 139 amino acid consensus gM linked to the HA tag linked to a furin 
protein . The HCMV - gM and gN proteins form a heterodimer proteolytic cleavage site linked to nucleic acid sequence that 
and are involved in infectivity . Another plasmid included consensus gN4 - c linked to an HA Tag , thus encoding the 
coding sequences for HCMV - gH , a 740 amino acid protein 25 fusion protein SEQ ID NO : 65 . 
linked to coding sequences for gl , a 278 amino acid protein . Plasmid 3 ( FIG . 4 ) is a variant pVaxl with an insert 
The HCMV - gH protein and the HCMV - GL protein form a having regulatory elements operably linked to nucleic acid 
hterotrimer with the HCMV - go - gCIII complex involved in sequence SEQ ID NO : 66 that encodes IgE leader linked to 
viral fusion . The HCMV - gH and gL proteins can also form consensus gH linked to the HA tag linked to a furin 
a disulfide - linked heterodimer in the ER . Another plasmid 30 proteolytic cleavage site linked to nucleic acid sequence that 
included coding sequences for HCMV - 90 , a 472 amino acid consensus gL linked to an HA Tag , thus encoding the fusion 
protein that forms the aforementioned heterotrimer with the protein SEQ ID NO : 67 . 
HCMV - gH and gL . Another plasmid encodes coding Plasmid 4 ( FIG . 5 ) is a variant pVaxl with an insert 
sequences for HCMV - PUL ( UL128 ) , a 140 amino acid having regulatory elements operably linked to nucleic acid 
protein , linked to coding sequences for HCMV - UL130 , a 35 sequence SEQ ID NO : 51 that encodes IgE leader linked to 
215 amino acid protein linked to coding sequences for consensus gO - 5 linked to and HA tag , thus encoding the 
HCMV - UL131A , a 77 amino acid protein . These three protein SEQ ID NO : 52 . 
proteins serve as chaperones for HCMV - 90 . Another plas - Plasmid 5 ( FIG . 6 ) is a variant pVaxl with an insert 
mid encodes HCMV - GUL83 ( pp65 ) ; which is a T cell target having regulatory elements operably linked to nucleic acid 
protein . 40 sequence SEQ ID NO : 68 that encodes IgE leader linked to 

In one embodiment , ten coding sequences ( SEQ TD consensus UL131a linked to an HA Tag linked to a furin 
NO : 1 , SEQ TD NO : 3 , SEQ ID NO : 5 , SEQ ID NO : 7 , SEQ proteolytic cleavage site linked to consensus UL130 linked 
ID NO : 9 , SEQ ID NO : 11 , SEQ ID NO : 13 , SEQ ID NO : 15 , to an HA Tag linked to a furin proteolytic cleavage site 
SEO ID NO : 17 and SEQ ID NO : 19 ) for HCMV consensus linked to consensus UL128 linked to an HA Tag , thus 
amino acid sequences ( SEQ ID NO : 2 , SEQ ID NO : 4 , SEQ 45 encoding the fusion protein SEQ ID NO : 69 . 
ID NO : 6 , SEQ ID NO : 8 , SEQ ID NO : 10 , SEQ ID NO : 12 , Modified plasmid 6 ( FIG . 9 ) is a variant pVaxl with an 
SEO ID NO : 14 , SEQ ID NO : 16 , SEQ ID NO : 18 and SEO insert having regulatory elements operably linked to SEQ ID 
ID NO : 20 ) were included on six separate expression vector NO : 39 ; i . e , nucleic acid sequence that encodes IgE leader 
plasmids . Single gene constructs were provided for g? linked to consensus UL - 83 ( pp65 ) , thus encoding the protein 
( plasmid 1 ) , ( plasmid 4 ) 90 and gUL83 ( modified plasmid 50 SEQ ID NO : 40 . 
6 ) . Chimeric genes encoding fusion proteins were provided Plasmid 6 ( FIG . 7 ) may be used in place of modified 
for constructs encoding gM and gN ( plasmid 2 ) , gH and gL plasmid 6 if HA Tags linked to the U83 translation product 
( plasmid 3 ) , and UL128 , UL130 and UL131a ( plasmid 5 ) is desirable . Plasmid 6 may be a variant pVaxl with an insert 
which are expressed as a single polyprotein . In each instance having regulatory elements operably linked to SEQ ID 
of a fusion protein , the coding sequences for the different 55 NO : 59 ; i . e , nucleic acid sequence that encodes IgE leader 
antigens in the polyprotein were linked sequences encoding linked to consensus UL - 83 ( pp65 ) , thus encoding the protein 
the furin proteolytic cleavage site ( SEQ ID NO : 63 ) . The SEQ ID NO : 60 . 
coding sequences for the fusion proteins also included in some embodiments , plasmids 1 - 5 may be modified so 
coding sequence for the IgE signal peptide ( SEQ ID NO : 61 ) that the coding sequences for HA Tags are absent . 
at the N terminal of the polyprotein as well as coding 60 Modified plasmid 1 ( FIG . 7 ) may be a variant pVax1 
sequences for an HA Tag ( SEQ TD NO : 62 ) which is linked described herein with an insert having regulatory elements 
at the C terminal of each HCMV antigen in the polyprotein . operably linked to SEQ IN NO : 21 , i . e . nucleic acid sequence 
Following processing at the proteolytic cleavage site ( s ) of that encodes IgE leader linked to consensus gB , thus encod 
the polyprotein into separate proteins , each protein com - ing the protein SEQ ID NO : 22 . 
prises an HA Tag . The coding sequences for the single 65 Modified plasmid 2 may be a variant p Vaxl described 
antigen constructs each were provided with coding herein with an insert having regulatory elements operably 
sequences for the IgE signal peptide ( SEQ ID NO : 61 ) to be linked to nucleic acid sequence SEQ ID NO : 70 that encodes 
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IgE leader linked to consensus gM linked to a furin pro elements operably linked to the encoding nucleic acid 
teolytic cleavage site linked to nucleic acid sequence that sequence for the herpes antigen which includes an encoding 
consensus gN4 - c , thus encoding the fusion protein SEQ ID sequence for IgE leader ( enocoding amino acid sequence 
NO : 71 . SEQ ID NO : 61 ) linked to the antigen . In some embodi 

Modified plasmid 3 ( FIG . 8 ) may be a variant pVaxl 5 ments , plasmids 7 - 21 may be modified so that the coding 
described herein with an insert having regulatory elements sequences for HA Tags ( encoding amino acid sequence SEO 
operably linked to nucleic acid sequence SEQ ID NO : 72 that ID NO : 62 ) are linked to the N - terminal end of the antigen . 
encodes IgE leader linked to consensus gH linked to a furin 
proteolytic cleavage site linked to nucleic acid sequence that Example 2 
consensus gL , thus encoding the fusion protein SEQ ID 10 
NO : 73 . In some embodiments , a composition comprising coding 

Modified plasmid 4 may be a variant pVaxl described sequences for each of : HCMV : GB , GM , gN , GH , GL , go , 
herein with an insert having regulatory elements operably UL128 , UL130 , UL131a , U83 , or multiple compositions 
linked to nucleic acid sequence SEQ ID NO : 31 that encodes which collectively comprise coding sequences for each of : 
IgE leader linked to consensus gO - 5 linked to , thus encoding 15 gB , GM , GN , gH , GL , GO , UL128 , UL130 , UL131a , U83 are 
the protein SEQ ID NO : 32 . administered . The composition which comprises coding 

Modified plasmid 5 may be a variant pVaxl described sequences of each of gB , gM , gN , gH , GL , gO , UL128 , 
herein with an insert having regulatory elements operably UL130 , UL131a , U83 , or combinations of compositions that 
linked to nucleic acid sequence SEQ ID NO : 74 that encodes collectively comprise coding sequences of each of gB , 3M , 
IgE leader linked to consensus UL131a linked to a furin 20 gN , gH , gL , gO , UL128 , UL130 , UL131a . In some embodi 
proteolytic cleavage site linked to consensus UL130 linked ments , vaccines comprise one or more of the coding 
to a furin proteolytic cleavage site linked to consensus sequences encoding each of gB , gM , gn , gH , gl , go , 
UL128 , thus encoding the fusion protein SEQ TD NO : 75 . UL128 , UL 130 , UL131a that have sequences selected from 

In some embodiments , a composition comprising these the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 
six plasmids is an example of an anti - HCMV vaccine . In 25 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 
some embodiments of an anti - HCMV vaccine , two or more 50 , 52 , 54 , 56 , 58 and 60 . In some embodiments , one or more 
compositions which collectively comprise these six plas of the coding sequences is selected from the group consist 
mids . Some embodiments provide methods of generating ing of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 
immune responses against HCMV proteins comprise admin 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 
istering to an individual one or more compositions which 30 57 and 59 . In some embodiments , one or more of the coding 
collectively comprise each of these six plasmids . Some sequences in a vaccine is selected from the group consisting 
embodiments provide methods of prophylactically vaccinat - of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 
ing an individual against HCMV infection comprise admin 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 
istering one or more compositions which collectively com and 59 . In some embodiments , a vaccine comprises each of 
prise each of these six plasmids . Some embodiments provide 35 the coding sequences SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 
methods of therapeutically vaccinating an individual has 17 and 19 . In some embodiments , a vaccine comprises each 
been infected with HCMV comprise administering one or of the coding sequences in SEQ ID NO : 21 , 23 , 25 , 27 , 29 , 
more compositions which collectively comprise each of 31 , 33 , 35 , 37 and 39 . In some embodiments , a vaccine 
these six plasmids . comprises each of the coding sequences in SEQ ID NO : 41 , 

Analysis of other Herpes Viruses : 40 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . 
Similar to HCMV , above , similar strategy was used to 

identify antigens for HSV1 , HSV2 , CeHV1 , and VZV . Example 3 
For the herpes viruses from families VZV , CeHV1 , 

HSV1 , and HSV2 , the following antigens were considered , In some embodiments , a composition comprising coding 
based on similar criteria used for CMV , above , and consen - 45 sequences for nine of : gB , gM , gN , gH , gl , gO , UL128 , 
sus antigens were made and cloned into similar vectors as UL130 , UL131a , U83 , or multiple compositions which 
CMV : surface antigens envelope gB , gH , GL , GM , gN , go , collectively comprise coding sequences for nine of : gB , gM , 
gE , gl , and gK were considered . gN , GH , gL , CO , UL128 , UL130 , UL131a , U83 are admin 

Plasmids were constructed for optimizing nascent coex - istered . The composition may comprises coding sequences 
pression of relevant proteins . In total , 21 plasmids were 50 of nine of gB , GM , gn , gH , GL , gO , UL128 , UL130 , 
constructed that express HCMV gB , gM / gN , gH / gL , go , UL131a , U83 , or combinations of compositions that collec 
UL128 - 131 , and U183 ; VZV gHgL , gEgl , gMgN , gB , gc , tively comprise coding sequences of nine of gB , gM , gN , 
and gK ; HSV1 gB , gHgL , gCgD ; HSV2 GB , gHgL , gCgD ; gH , GL , gO , UL128 , UL130 , UL131a , U83 . The following 
and CeHV1 GB , gHgL , and gCgD , in highly - optimized combinations 9 - 1 to 9 - 10 may be present in such vaccines : 
DNA vaccines plasmids were constructed for optimizing 55 9 - 1 GB , GM , gN , GH , GL , gO , UL128 , UL130 , UL131a ; 9 - 2 
nascent coexpression of relevant proteins . In total , 21 plas - gB , GM , gN , gH , GL , gO , UL128 , UL130 , UL83 ; 9 - 3 gB , 
mids were constructed that express HCMV GB , gM / gN , M , N , gH , gl , gO , UL128 , UL131a , UL83 ; 9 - 4 gB , GM , 
gH / gL , go , UL128 - 131 , and U183 ; VZV gHgL , gEgl , gN , GH , GL , CO , UL130 , UL131a , UL83 ; 9 - 5 gB , gM , gN , 
gMgN , gB , gC , and gK ; HSV1 GB , gHgL , gCgD ; HSV2 GB , gH , GL , UL128 , UL130 , UL131a , UL83 ; 9 - 6 gB , gM , gN , 
gHgL , gCgD ; and CeHV1 gB , gHgL , and gCgD in highly - 60 gH , gO , UL128 , UL130 , UL131a , UL83 ; 9 - 7 gB , gM , gN , 
optimized DNA vaccines . gL , gO , UL128 , UL130 , UL131a , UL83 ; 9 - 8 gB , gM , gH , 

Plasmids 7 - 21 correspond to each one of the following gL , CO , UL128 , UL130 , UL131a , UL83 ; 9 - 9 GB , gN , gH , 
VZV gHgL , gEgl , gMgN , GB , gC , and gK ; HSV1 GB , gHgL , GL , CO , UL128 , UL130 , UL131a , UL83 ; and 9 - 10 gM , gN , 
gCgD ; HSV2 gB , gHgL , gCgD ; and CeHV1 GB , gHgL , and gH , gl , gO , UL128 , UL130 , UL131a , UL83 . In some 
gCgD econding sequences cloned into variant p Vax1 ( FIG . 65 embodiments , these vaccines comprise one or more of the 
1 , SEQTD NO : 76 ) vector disclosed herein . In some coding sequences encoding each of gB , gM , gN , GH , NL , 30 , 
embodiments , the pVaxl has an insert having regulatory UL128 , UL130 , UL131a that have sequences selected from 
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the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , prise one or more of the coding sequences encoding each of 
18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , gB , GM , gN , GH , NL , GO , UL128 , UL130 , UL131a that have 
50 , 52 , 54 , 56 , 58 and 60 . In some embodiments , one or more sequences selected from the group consisting of SEQ ID 
of the coding sequences is selected from the group consist - NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 
ing of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 5 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In 
25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , some embodiments , one or more of the coding sequences is 
57 and 59 . In some embodiments , one or more of the coding selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 
sequences in a vaccine is selected from the group consisting 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 
of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . In some embodi 
27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 10 ments , one or more of the coding sequences in a vaccine is 
and 59 . selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 

9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 
Example 4 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . 

In some embodiments , a composition comprising coding 15 Example 5 
sequences for eight of : gB , GM , gN , GH , gL , gO , UL128 , 
UL130 , UL131a , U83 , or multiple compositions which In some embodiments , a composition comprising coding 
collectively comprise coding sequences for eight of : gB , sequences for seven of : GB , GM , gN , gH , gL , gO , UL128 , 
gM , gN , gH , gl , gO , UL128 , UL130 , UL131a , U83 are UL130 , UL131a , U83 , or multiple compositions which 
administered . The composition may comprises coding 20 collectively comprise coding sequences for seven of : gB , 
sequences of eight of gB , gM , gN , GH , gL , gO , UL128 , gM , gN , GH , gl , gO , UL128 , UL130 , UL131a , U83 are 
UL130 , UL131a , U83 , or combinations of compositions that administered . The composition may comprises coding 
collectively comprise coding sequences of eight of gB , gM sequences of seven of gB , gM , gN , gH , gL , gO , UL128 , 
gN , gH , gL , gO , UL128 , UL130 , UL131a , U83 . The fol - UL130 , UL131a , U83 , or combinations of compositions that 
lowing combinations 8 - 1 to 8 - 45 may be present in an eight 25 collectively comprise coding sequences of seven of gB , GM , 
antigen vaccine : 8 - 1 : gB , GM , gN , GH , gl , gO , UL128 , gN , gH , gL , gO , UL128 , UL 130 , UL131a , U83 . The fol 
UL130 ; 8 - 2 : gB , GM , gN , gH , gL , CO , UL128 , UL131a ; 8 - 3 : lowing combinations 7 - 1 to 7 - 120 may be present in an 
gB , gM , gN , gH , NL , gO , UL128 , UL83 ; 8 - 4 : gB , GM , gN , seven antigen vaccine : 7 - 1 : gB , gM , gn , gH , gl , go , 
gH , gL , gO , UL130 , UL131a ; 8 - 5 : GB , gM , N , gH , GL , gO , UL128 ; 7 - 2 : gB , M , N , gH , GL , CO , UL130 ; 7 - 3 : gB , gM , 
UL130 , UL83 ; 8 - 6 : gB , GM , gn , gH , gl , gO , UL131a , 30 gN , GH , GL , GO , UL131a ; 7 - 4 : gB , GM , gN , GH , GL , go , 
UL83 ; 8 - 7 : GB , GM , gN , OH , OL , UL128 , UL130 , UL131a ; UL83 ; 7 - 5 : GB , gM , gn , gH , GL , UL128 , UL130 ; 7 - 6 : GB , 
8 - 8 : GB , GM , GN , GH , GL , UL128 , UL130 , UL83 ; 8 - 9 : GB , 3M , SN , gH , GL , UL128 , UL131a ; 7 - 7 : GB , GM , GN , GH , GL , 
GM , gN , GH , GL , UL128 , UL131a , UL83 ; 8 - 10 : GB , gM , gN , UL128 , UL83 ; 7 - 8 : GB , GM , gN , GH , GL , UL130 , UL131a ; 
gH , GL , UL130 , UL131a , UL83 ; 8 - 11 : GB , gM , gN , gH , go , 7 - 9 : gB , gM , gN , gH , GL , UL130 , UL83 ; 7 - 10 : gB , gM , gN , 
UL128 , UL130 , UL131a ; 8 - 12 : GB , gM , gN , gH , go , 35 gH , GL , UL131a , UL83 ; 7 - 11 : GB , gM , gN , GH , gO , UL128 , 
UL128 , UL130 , UL83 ; 8 - 13 : GB , GM , gN , GH , gO , UL128 , UL130 ; 7 - 12 : gB , gM , gN , gH , GO , UL128 , UL131a ; 7 - 13 : 
UL131a , UL83 ; 8 - 14 : GB , gM , gN , GH , gO , UL130 , GB , GM , gN , GH , CO , UL128 , UL83 ; 7 - 14 : GB , GM , GN , gH , 
UL131a , UL83 ; 8 - 15 : gB , gM , gN , GH , UL128 , UL130 , gO , UL130 , UL131a ; 7 - 15 : gB , gM , gN , GH , GO , UL130 , 
UL131a , UL83 ; 8 - 16 : GB , gM , gN , gl , gO , UL128 , UL130 , UL83 ; 7 - 16 : gB , GM , N , gH , O , UL131a , UL83 ; 7 - 17 : gB , 
UL131a ; 8 - 17 : GB , gM , GN , GL , CO , UL128 , UL130 , UL83 ; 40 gM , gN , GH , UL128 , UL130 , UL131a ; 7 - 18 : GB , gM , gN , 
8 - 18 : GB , gM , gN , gl , gO , UL128 , UL131a , UL83 ; 8 - 19 : GH , UL128 , UL130 , UL83 ; 7 - 19 : GB , GM , gN , GH , UL128 , 
gB , GM , GN , GL , gO , UL130 , UL131a , UL83 ; 8 - 20 : gB , OM , UL130 , UL131a ; 7 - 20 : gB , gM , gN , gH , UL128 , UL130 , 
gN , GL , UL128 , UL130 , UL131a , UL83 ; 8 - 21 : GB , GM , gN UL83 ; 7 - 21 : GB , GM , gN , GH , UL128 , UL131a , UL83 ; 7 - 22 : 
gO , UL128 , UL130 , UL131a , UL83 ; 8 - 22 : gB , CM , gH , gL , B , CM , gN , gH , UL130 , UL131a , UL83 ; 7 - 23 : GB , gM , gN . 
gO , UL128 , UL130 , UL131a ; 8 - 23 : gB , gM , GH , GL , GO , 45 gL , CO , UL128 , UL130 ; 7 - 24 : gB , CM , gN , GL , CO , UL128 , 
UL128 , UL130 , UL83 ; 8 - 24 : GB , GM , GH , GL , gO , UL128 , UL131a ; 7 - 25 : GB , gM , gN , gl , gO , UL128 , UL83 ; 7 - 26 : 
UL131a , UL83 ; 8 - 25 : 9B , CM , gH , gL , go , UL130 , 9B , gM , gN , gL , gO , UL130 , UL131a ; 7 - 27 : gB , gM , ON , 
UL131a , UL83 ; 8 - 26 : gB , gM , gH , gL , UL128 , UL130 , L , CO , UL130 , UL83 ; 7 - 28 : gB , gM , gN , gl , gO , UL131a , 
UL131a , UL83 ; 8 - 27 : gB , gM , GH , gO , UL128 , UL130 , UL83 ; 7 - 29 : gB , GM , gn , gL , UL128 , UL130 , UL131a ; 
UL131a , UL83 ; 8 - 28 : gB , gM , gl , gO , UL128 , UL130 , 50 7 - 30 : gB , CM , gN , GL , UL128 , UL130 , UL83 ; 7 - 31 : GB , GM , 
UL131a , UL83 ; 8 - 29 : GB , gN , gH , gL , GO , UL128 , UL130 , gN , gL , UL128 , UL130 , UL131a ; 7 - 32 : gB , gM , gN , gl , 
UL131a ; 8 - 30 : gB , gN , GH , gL , gO , UL128 , UL130 , UL83 ; UL128 , UL130 , UL83 ; 7 - 33 : 9B , CM , gn , gL , UL128 , 
8 - 31 : GB , gN , GH , GL , CO , UL128 , UL131a , UL83 ; 8 - 32 : UL131a , UL83 ; 7 - 34 : GB , gM , gN , GL , UL130 , UL131a , 
gB , gN , gH , gl , gO , UL130 , UL131a , UL83 ; 8 - 33 : gB , gN , UL83 ; 7 - 35 : GB , gM , gN , gO , UL128 , UL130 , UL131a ; 
gH , GL , UL128 , UL130 , UL131a , UL83 ; 8 - 34 : gB , gN , gH , 55 7 - 36 : gB , gM , gN , gO , UL128 , UL130 , UL83 ; 7 - 37 : gB , 
gO , UL128 , UL130 , UL131a , UL83 ; 8 - 35 : GB , gN , gl , go , gM , gN , CO , UL128 , UL131a , UL83 ; 7 - 38 : GB , gM , gN , go , 
UL128 , UL130 , UL131a , UL83 ; 8 - 36 : gB , gH , gl , go , UL130 , UL131a , UL83 ; 7 - 39 : gB , gM , gN , UL128 , UL130 , 
UL128 , UL130 , UL131a , UL83 ; 8 - 37 : GM , GN , GH , GL , gO , UL131a , UL83 ; 7 - 40 : GB , GM , GH , GL , gO , UL128 , UL130 ; 
UL128 , UL130 , UL131a ; 7 - x : 8 - 38 : gM , gN , gH , gl , go , 7 - 41 : GB , gM , GH , GL , gO , UL128 , UL131a ; 7 - 42 : GB , 3M , 
UL128 , UL130 , UL83 ; 8 - 39 : gM , gN , gH , GL , CO , UL128 , 60 gH , gl , gO , UL128 , UL83 ; 7 - 43 : GB , gM , GH , GL , go , 
UL131a , UL83 ; 8 - 40 : GM , gN , gH , gl , gO , UL130 , UL130 , UL131a ; 7 - 44 : gB , gM , GH , GL , gO , UL130 , UL83 ; 
UL131a , UL83 ; 8 - 41 : gM , N , gH , gl , gL , UL128 , UL130 , 7 - 45 : gB , gM , gH , gL , 90 , UL131a , UL83 ; 7 - 46 : gB , gM , 
UL131a , UL83 ; 8 - 42 : gM , gN , gH , OL , CO , UL128 , UL130 , OH , gO , UL128 , UL130 , UL131a ; 7 - 47 : gB , gM , gH , go , 
UL131a , UL83 ; 8 - 43 : gM , gN , GL , gO , UL128 , UL 130 , UL128 , UL130 , UL83 ; 7 - 48 : gB , gM , gH , go , UL128 , 
UL131a , UL83 ; 8 - 44 : gM , gH , gl , gO , UL128 , UL130 , 65 UL131a , UL83 ; 7 - 49 : gB , gM , gH , gO , UL130 , UL131a , 
UL131a , UL83 ; and 8 - 45 : gN , GH , GL , gO , UL128 , UL130 , UL83 ; 7 - 50 : gB , GM , GH , UL128 , UL130 , UL131a , UL83 ; 
UL131a , UL83 . In some embodiments , these vaccines com 7 - 51 : GB , gM , gl , gO , UL128 , UL130 , UL131a ; 7 - 52 : gB , 
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gM , L , gO , UL128 , UL130 , UL83 ; 7 - 53 : gB , GM , GL , go , 57 and 59 . In some embodiments , one or more of the coding 
UL128 , UL131a , UL83 ; 7 - 54 : gB , gM , gl , gO , UL130 , sequences in a vaccine is selected from the group consisting 
UL131a , UL83 ; 7 - 55 : GB , gM , GL , UL128 , UL130 , UL131a , of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 
UL83 ; 7 - 56 : GB , gM , gO , UL128 , UL130 , UL131a , UL83 ; 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 
7 - 57 : gB , gN , GH , GL , GO , UL128 , UL130 ; 7 - 58 : GB , gN , 5 and 59 . 
gH , GL , gO , UL128 , UL131a ; 7 - 59 : GB , gN , gH , gL , go , 
UL128 , UL83 ; 7 - 60 : gB , gN , gH , CL , CO , UL130 , UL131a ; Example 6 
7 - 61 : GB , gN , GH , NL , GO , UL130 , UL83 ; 7 - 62 : gB , gN , GH , 
gL , gO , UL131a , UL83 ; 7 - 63 : gB , gN , GH , GL , UL128 , In some embodiments , a composition comprising coding 
UL130 , UL131a ; 7 - 64 : gB , gN , gH , GL , UL128 , UL130 , 10 sequences for six of : gB , gM , gN , GH , gl , gO , UL128 , 
UL83 ; 7 - 65 : GB , gN , gH , GL , UL128 , UL131a , UL83 ; 7 - 66 : UL130 , UL131a , U83 , or multiple compositions which 
gB , gN , GH , GL , UL 130 , UL131a , UL83 ; 7 - 67 : GB , gN , GH , collectively comprise coding sequences for six of : gB , gM , 
gO , UL128 , UL130 , UL131a ; 7 - 68 : GB , gN , GH , go , gN , GH , gL , CO , UL128 , UL130 , UL131a , U83 are admin 
UL128 , UL130 , UL83 ; 7 - 69 : gB , gn , gH , go , UL128 , istered . The composition may comprises coding sequences 
UL131a , UL83 ; 7 - 70 : GB , gN , gH , gO , UL130 , UL131a , 15 of six of gB , GM , gN , GH , GL , GO , UL128 , UL130 , UL131a , 
UL83 ; 7 - 71 : GB , gN , GH , UL128 , UL130 , UL131a , UL83 ; U83 , or combinations of compositions that collectively 
7 - 72 : GB , GN , GL , GO , UL128 , UL130 , UL131a ; 7 - 73 : GB , comprise coding sequences of six of gB , GM , gN , GH , GL , 
gN , GL , gO , UL128 , UL130 , UL83 ; 7 - 74 : GB , gN , gL , go , gO , UL128 , UL130 , UL131a , U83 . The following combi 
UL128 , UL131a , UL83 ; 7 - 75 : gB , gn , gL , gO , UL130 , nations 6 - 1 to 6 - 210 may be present in an seven antigen 
UL131a , UL83 ; 7 - 76 : gB , gN , OL , UL128 , UL130 , UL131a , 20 vaccine : 6 - 1 : GB , gM , gN , GH , gl , gO ; 6 - 2 : gB , gM , gN , gH , 
UL83 ; 7 - 77 : GB , gN , GO , UL128 , UL130 , UL131a , UL83 ; gL , UL128 ; 6 - 3 : GB , gM , gN , GH , GL , UL130 ; 6 - 4 : GB , gM , 
7 - 78 : GB , gH , gL , gO , UL128 , UL130 , UL131a ; 7 - 79 : gB , N , gH , GL , UL131a ; 6 - 5 : GB , gM , GN , gH , GL , UL83 ; 6 - 6 : 
gH , gL , GO , UL128 , UL130 , UL83 ; 7 - 80 : GB , gH , gL , go , gB , gM , gN , GH , gO , UL128 ; 6 - 7 : gB , gM , gN , gH , go , 
UL128 , UL131a , UL83 ; 7 - 81 : gB , gH , gL , gO , UL130 , UL130 ; 6 - 8 : GB , gM , gN , gH , gO , UL131a ; 6 - 9 : gB , GM , 
UL131a , UL83 ; 7 - 82 gB , OH , OL , UL128 , UL130 , UL131a , 25 gN , gH , gO , UL83 ; 6 - 10 : gB , gM , gN , gH , UL128 , UL130 ; 
UL83 ; 7 - 83 : GB , gH , gO , UL128 , UL 130 , UL131a , UL83 ; 6 - 11 : gB , gM , gN , GH , UL128 , UL131a ; 6 - 12 : GB , gM , gN , 
7 - 84 : gB , gl , gO , UL128 , UL130 , UL131a , UL83 ; 7 - 85 : gH , UL128 , UL83 ; 6 - 13 : 9B , CM , gN , GH , UL130 , UL131a ; 
gM , gN , gH , GL , GO , UL128 , UL130 ; 7 - 86 : gM , gN , gH , gL 6 - 14 : GB , gM , gN , GH , UL130 , UL83 ; 6 - 15 : GB , GM , gN , 
gO , UL128 , UL131a ; 7 - 87 : gM , gn , gH , gL , go , UL128 , gH , UL131a , UL83 ; 6 - 16 : gB , gM , gN , gL , 90 , UL128 ; 
UL83 ; 7 - 88 : gM , gN , gH , gl , gO , UL130 , UL131a ; 7 - 89 : 30 6 - 17 : gB , gM , N , gL , gO , UL130 ; 6 - 18 : GB , GM , GN , gl , 
gM , gN , GH , GL , CO , UL130 , UL83 ; 7 - 90 : gM , gN , GH , GL , gO , UL131a ; 6 - 19 : GB , gM , gN , gl , gO , UL83 ; 6 - 20 : gB , 
gO , UL131a , UL83 ; 7 - 91 : gM , ON , gH , gL , GL , UL128 , OM , ON , OL , UL128 , UL130 ; 6 - 21 : gB , OM , ON , OL , UL128 , 
UL130 , UL131a ; 7 - 92 : gM , gn , gH , gl , gL , UL128 , UL131a ; 6 - 22 : GB , gM , gN , GL , UL128 , UL83 ; 6 - 23 : gB , 
UL130 , UL83 ; 7 - 93 : GM , gN , gH , GL , GL , UL128 , UL131a , gM , gn , gL , UL130 , UL131a ; 6 - 24 : gB , OM , ON , OL , 
UL83 ; 7 - 94 : gM , gN , gH , gL , GL , UL130 , UL131a , UL83 ; 35 UL130 , UL83 ; 6 - 25 : GB , GM , gN , GL , UL131a , UL83 ; 6 - 26 : 
7 - 95 : GM , gN , GH , gL , GO , UL128 , UL130 , UL131a ; 7 - 96 : GB , gM , gN , GO , UL128 , UL130 ; 6 - 27 : gB , GM , gN , go , 
gM , gN , gH , GL , gO , UL128 , UL130 , UL83 ; 7 - 97 : gM , gN , UL128 , UL131a ; 6 - 28 : gB , gM , gn , gO , UL128 , UL83 ; 
gH , GL , GO , UL128 , UL131a , UL83 ; 7 - 98 : gM , gN , GH , NL , 6 - 29 : GB , gM , gN , gO , UL 130 , UL131a ; 6 - 30 : GB , GM , gN , 
gO , UL130 , UL131a , UL83 ; 7 - 99 : GM , gN , GH , GL , UL128 , CO , UL130 , UL83 ; 6 - 31 : GB , gM , gN , GO , UL131a , UL83 ; 
UL130 , UL131a , UL83 ; 7 - 100 : gM , gn , gL , CO , UL128 , 40 6 - 32 : GB , GM , gN , UL128 , UL130 , UL131a ; 6 - 33 : GB , GM , 
UL130 , UL131a ; 7 - 101 : gM , gN , gL , gO , UL128 , UL130 , gN , UL128 , UL130 , UL83 ; 6 - 34 : GB , GM , gN , UL128 , 
UL83 ; 7 - 102 : gM , gn , gL , gO , UL128 , UL131a , UL83 ; UL131a , UL83 ; 6 - 35 : GB , gM , ON , UL130 , UL131a , UL83 ; 
7 - 103 : gM , N , gl , gO , UL130 , UL131a , UL83 ; 7 - 104 : gM , 6 - 36 : gB , GM , gH , gL , gO , UL128 ; 6 - 37 : gB , gM , gH , gL , 
gN , OL , UL128 , UL130 , UL131a , UL83 ; 7 - 105 : GM , gN O , UL130 ; 6 - 38 : GB , gM , gH , GL , gO , UL131a ; 6 - 39 : GB , 
gO , UL128 , UL130 , UL131a , UL83 ; 7 - 106 : gM , gH , gL , 45 gM , GH , GL , gO , UL83 ; 6 - 40 : gB , gM , gH , GL , UL128 , 
gO , UL128 , UL130 , UL131a ; 7 - 107 : gM , gH , gl , go , UL130 ; 6 - 41 : GB , GM , gH , GL , UL128 , UL131a ; 6 - 42 : GB , 
UL128 , UL130 , UL83 ; 7 - 108 : gM , gH , gl , go , UL128 , CM , gH , gL , UL128 , UL83 ; 6 - 43 : gB , CM , gH , GL , UL130 , 
UL131a , UL83 ; 7 - 109 : gM , GH , GL , GO , UL130 , UL131a , UL131a ; 6 - 44 : gB , gM , gH , GL , UL130 , UL83 ; 6 - 45 : GB , 
UL83 ; 7 - 110 : GM , GH , GL , UL128 , UL130 , UL131a , UL83 ; gM , gH , GL , UL131a , UL83 ; 6 - 46 : GB , gM , gH , gO , UL128 , 
7 - 111 : gM , GH , CO , UL128 , UL130 , UL131a , UL83 ; 7 - 112 : 50 UL130 ; 6 - 47 : gB , gM , gH , GO , UL128 , UL131a ; 6 - 48 : GB , 
gM , gl , gO , UL128 , UL130 , UL131a , UL83 ; 7 - 113 : gN , GM , GH , CO , UL128 , UL83 ; 6 - 49 : GB , GM , GH , gO , UL130 , 
gH , gL , gO , UL128 , UL130 , UL131a ; 7 - 114 : gN , gH , gL , UL131a ; 6 - 50 : gB , gM , gH , gO , UL130 , UL83 ; 6 - 51 : GB , 
gO , UL128 , UL 130 , UL83 ; 7 - 115 : gN , GH , gL , CO , UL128 , gM , gH , gO , UL131a , UL83 ; 6 - 52 : gb , GM , GH , UL128 , 
UL131a , UL83 ; 7 - 116 : gN , gH , gL , gO , UL130 , UL131a , UL130 , UL131a ; 6 - 53 : gB , gM , GH , UL128 , UL130 , UL83 ; 
UL83 ; 7 - 117 : gN , gH , GL , UL128 , UL130 , UL131a , UL83 ; 55 6 - 54 : GB , GM , GH , UL128 , UL131a , UL83 ; 6 - 55 : GB , GM , 
7 - 118 : gN , GH , gO , UL128 , UL130 , UL131a , UL83 ; 7 - 119 : gH , UL130 , UL131a , UL83 ; 6 - 56 : GB , GM , NL , CO , UL128 , 
gN , OL , CO , UL128 , UL130 , UL131a , UL83 ; 7 - 120 : gH , gL , UL130 ; 6 - 57 : gB , gM , gL , gO , UL128 , UL131a ; 6 - 58 : GB , 
gO , UL128 , UL130 , UL131a , UL83 . In some embodiments , gM , gl , gO , UL128 , UL83 ; 6 - 59 : gB , gM , gL , gO , UL 130 , 
these vaccines comprise one or more of the coding UL131a ; 6 - 60 : GB , gM , gL , gO , UL130 , UL83 ; 6 - 61 : gB , 
sequences encoding each of gB , gM , gN , gH , gl , go , 60 gm , gl , gO , UL131a , UL83 ; 6 - 62 : gB , gM , GL , UL128 , 
UL128 , UL130 , UL131a that have sequences selected from UL130 , UL131a ; 6 - 63 : GB , gM , gL , UL128 , UL130 , UL83 ; 
the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 6 - 64 : GB , gM , GL , UL128 , UL131a , UL83 ; 6 - 65 : gB , GM , 
18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , GL , UL130 , UL131a , UL83 ; 6 - 66 : GB , GM , GO , UL128 , 
50 , 52 , 54 , 56 , 58 and 60 . In some embodiments , one or more UL130 , UL131a ; 6 - 67 : GB , GM , GO , UL128 , UL130 , UL83 ; 
of the coding sequences is selected from the group consist - 65 6 - 68 : GB , gM , gO , UL128 , UL131a , UL83 ; 6 - 69 : gB , gM , 
ing of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , CO , UL130 , UL131a , UL83 ; 6 - 70 : GB , gM , UL128 , UL 130 , 
25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , UL131a , UL83 ; 6 - 71 : gB , gN , gH , gL , gO , UL128 ; 6 - 72 : 
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0 - 206 ; gH , gl , gO , ULICA , SL , CO , UL128 , ULIS , UL128 

gB , gN , GH , gl , gO , UL130 ; 6 - 73 : GB , gN , GH , GL , go , gO , UL130 , UL131a ; 6 - 166 : gM , GH , gl , go , UL130 , 
UL131a ; 6 - 74 : gB , gN , gH , gL , gO , UL83 ; 6 - 75 : GB , gN , UL83 ; 6 - 167 : gM , GH , GL , gO , UL131a , UL83 ; 6 - 168 : gM , 
gH , GL , UL128 , UL130 ; 6 - 76 : GB , gN , gH , GL , UL128 , gH , GL , UL128 , UL130 , UL131a ; 6 - 169 : gM , GH , gl , 
UL131a ; 6 - 77 : gb , gn , gH , GL , UL128 , UL83 ; 6 - 78 : gB , UL128 , UL130 , UL83 ; 6 - 170 : GM , gH , GL , UL128 , 
gN , gH , OL , UL130 , UL131a ; 6 - 79 : GB , gN , gH , GL , UL130 , 5 UL131a , UL83 ; 6 - 171 : gM , gH , gL , UL130 , UL131a , 
UL83 ; 6 - 80 : GB , gN , GH , GL , UL131a , UL83 ; 6 - 81 : GB , gN , UL83 ; 6 - 172 : GM , GH , 90 , UL128 , UL130 , UL131a ; 6 - 173 : 
gH , gO , UL128 , UL130 ; 6 - 82 : gB , gn , gH , go , UL128 , gM , GH , gO , UL128 , UL130 , UL83 ; 6 - 174 : gM , gH , go , 
UL131a ; 6 - 83 : gB , gN , GH , GO , UL128 , UL83 ; 6 - 84 : GB , UL128 , UL131a , UL83 ; 6 - 175 : gM , gH , go , UL130 , 
gN , gH , gO , UL130 , UL131a ; 6 - 85 : GB , gN , GH , go , UL131a , UL83 ; 6 - 176 : gM , GH , UL128 , UL130 , UL131a , 
UL130 , UL83 ; 6 - 86 : GB , gN , gH , CO , UL131a , UL83 ; 6 - 87 : 10 UL83 ; 6 - 177 : gM , gl , gO , UL128 , UL130 , UL131a ; 6 - 178 : 
gB , gN , gH , UL128 , UL130 , UL131a ; 6 - 88 : GB , gN , gH , gM , GL , GO , UL128 , UL130 , UL83 ; 6 - 179 : GM , gL , go , 
UL128 , UL130 , UL83 ; 6 - 89 : gB , gN , GH , UL128 , UL131a , UL128 , UL131a , UL83 ; 6 - 180 : gM , L , CO , UL130 , 
UL83 ; 6 - 90 : GB , gN , GH , UL130 , UL131a , UL83 ; 6 - 91 : gB , UL131a , UL83 ; 6 - 181 : GM , GL , UL128 , UL130 , UL131a , 
gN , gl , gO , UL128 , UL130 ; 6 - 92 : gB , gN , gL , CO , UL128 , UL83 ; 6 - 182 : gM , GO , UL128 , UL130 , UL131a , UL83 ; 
UL131a ; 6 - 93 : gB , gN , gl , 90 , UL128 , UL83 ; 6 - 94 : gB , 15 6 - 183 : ON , OH , OL , 90 , UL128 , UL130 ; 6 - 184 : gN , GH , GL , 
gN , GL , CO , UL130 , UL131a ; 6 - 95 : gB , gN , gl , gO , UL130 , gO , UL128 , UL131a ; 6 - 185 : gN , GH , GL , gO , UL128 , UL83 ; 
UL83 ; 6 - 96 gB , GN , GL , gO , UL131a , UL83 ; 6 - 97 : gB , gN , 6 - 186 : 9N , gH , GL , GO , UL130 , UL131a ; 6 - 187 : gN , gH , GL , 
gL , UL128 , UL130 , UL131a ; 6 - 98 : gB , gN , gL , UL128 , gO , UL130 , UL83 ; 6 - 188 : gN , GH , GL , gO , UL131a , UL83 ; 
UL130 , UL83 ; 6 - 99 : GB , gN , GL , UL128 , UL131a , UL83 ; 6 - 189 : gN , GH , GL , UL128 , UL130 , UL131a ; 6 - 190 : gN , GH , 
6 - 100 : gB , ON , OL , UL130 , UL131a , UL83 ; 6 - 101 : gB , gN , 20 gL , UL128 , UL130 , UL83 ; 6 - 191 : gn , gH , gL , UL128 , 
gO , UL128 , UL130 , UL131a ; 6 - 102 : gB , gN , gO , UL128 , UL131a , UL83 ; 6 - 192 : gN , GH , GL , UL130 , UL131a , UL83 ; 
UL130 , UL83 ; 6 - 103 : 9B , gN , gO , UL128 , UL131a , UL83 ; 6 - 193 : gN , gH , gO , UL128 , UL130 , UL131a ; 6 - 194 : gN , 
6 - 104 : GB , gN , gO , UL130 , UL131a , UL83 ; 6 - 105 : GB , GN , gH , CO , UL128 , UL130 , UL83 ; 6 - 195 : gN , GH , CO , UL128 , 
UL128 , UL130 , UL131a , UL83 ; 6 - 106 : gB , gH , gl , go , UL131a , UL83 ; 6 - 196 : GN , GH , GO , UL130 , UL131a , UL83 ; 
UL128 , UL130 ; 6 - 107 : gB , gH , gL , gO , UL128 , UL131a ; 25 6 - 197 : ON , OH , UL128 , UL130 , UL131a , UL83 ; 6 - 198 : gN , 
6 - 108 : GB , gH , gl , gO , UL128 , UL83 ; 6 - 109 : GB , gH , NL , GL , gO , UL128 , UL130 , UL131a ; 6 - 199 : gn , gl , go , 
gO , UL130 , UL131a ; 6 - 110 : GB , gH , GL , gO , UL130 , UL83 ; UL128 , UL130 , UL83 ; 6 - 200 : gN , GL , CO , UL128 , UL131a , 
6 - 111 : gB , gH , GL , CO , UL131a , UL83 ; 6 - 112 : gB , gH , GL , UL83 ; 6 - 201 : gN , gl , gO , UL130 , UL131a , UL83 ; 6 - 202 
UL128 , UL130 , UL131a ; 6 - 113 : GB , gH , OL , UL128 , gN , gL , UL128 , UL130 , UL131a , UL83 ; 6 - 203 : gN , go , 
UL130 , UL83 ; 6 - 114 : gB , gH , GL , UL128 , UL131a , UL83 ; 30 UL128 , UL130 , UL131a , UL83 ; 6 - 204 : gH , GL , CO , UL128 , 
6 - 115 : GB , gH , GL , UL130 , UL131a , UL83 ; 6 - 116 : GB , GH , UL130 , UL131a ; 6 - 205 : GH , GL , GO , UL128 , UL130 , UL83 ; 
gO , UL128 , UL130 , UL131a ; 6 - 117 : GB , gH , gO , UL128 , 6 - 206 : gH , OL , gO , UL128 , UL131a , UL83 ; 6 - 207 : gH , GL , 
UL130 , UL83 ; 6 - 118 : GB , gH , CO , UL128 , UL131a , UL83 ; gO , UL130 , UL131a , UL83 ; 6 - 208 : gH , GL , UL128 , UL130 , 
6 - 119 : GB , gH , gO , UL130 , UL131a , UL83 ; 6 - 120 : GB , gH , UL131a , UL83 ; 6 - 209 : gH , gO , UL128 , UL130 , UL131a , 
UL128 , UL130 , UL131a , UL83 ; 6 - 121 : GB , GL , GO , UL128 , 35 UL83 ; and 6 - 210 : GL , 90 , UL128 , UL130 , UL131a , UL83 . 
UL130 , UL131a ; 6 - 122 : gB , gL , CO , UL128 , UL130 , UL83 ; In some embodiments , these vaccines comprise one or more 
6 - 123 : GB , gL , gO , UL128 , UL131a , UL83 ; 6 - 124 : GB , gl , of the coding sequences encoding each of gB , gM , gN , gH , 
gO , UL130 , UL131a , UL83 ; 6 - 125 : gB , GL , UL128 , UL130 , gL , gO , UL128 , UL130 , UL131a that have sequences 
UL131a , UL83 ; 6 - 126 : gB , gO , UL128 , UL130 , UL131a , selected from the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 
UL83 ; 6 - 127 : OM , ON , GH , GL , 90 , UL128 ; 6 - 128 : gM , gN , 40 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 
gH , GL , gO , UL130 ; 6 - 129 : GM , GN , gH , GL , CO , UL131a ; 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In some embodi 
6 - 130 : gM , gN , GH , GL , gO , UL83 ; 6 - 131 : gM , gN , GH , gL , ments , one or more of the coding sequences is selected from 
UL128 , UL130 ; 6 - 132 : gM , gN , GH , GL , UL128 , UL131a ; the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 
6 - 133 : gM , gN , GH , GL , UL128 , UL83 ; 6 - 134 : gM , gN , gH , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 
GL , UL130 , UL131a ; 6 - 135 : gM , gn , gH , gL , UL130 , 45 49 , 51 , 53 , 55 , 57 and 59 . In some embodiments , one or more 
UL83 ; 6 - 136 : gM , gN , GH , GL , UL131a , UL83 ; 6 - 137 : gM , of the coding sequences in a vaccine is selected from the 
gN , gH , go , UL128 , UL130 ; 6 - 138 : gM , gN , gH , go , group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 
UL128 , UL131a ; 6 - 139 : GM , gN , GH , GO , UL128 , UL83 ; 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 
6 - 140 : gM , gN , GH , CO , UL130 , UL131a ; 6 - 141 : gM , gN , 51 , 53 , 55 , 57 and 59 . 
gH , gO , UL130 , UL83 ; 6 - 142 : gM , gN , GH , gO , UL131a , 50 
UL83 ; 6 - 143 : GM , gN , GH , UL128 , UL130 , UL131a ; 6 - 144 : Example 7 
gM , gN , gH , UL128 , UL130 , UL83 ; 6 - 145 : gM , gN , GH , 
UL128 , UL131a , UL83 ; 6 - 146 : gM , gN , GH , UL130 , In some embodiments , a composition comprising coding 
UL131a , UL83 ; 6 - 147 : gM , gN , OL , GO , UL128 , UL130 ; sequences for five of : gB , gM , gN , gH , gl , gO , UL128 , 
6 - 148 : GM , GN , gL , GO , UL128 , UL131a ; 6 - 149 : GM , GN , 55 UL130 , UL131a , U83 , or multiple compositions which 
gl , gO , UL128 , UL83 ; 6 - 150 : gM , gN , gl , gO , UL130 , collectively comprise coding sequences for five of : GB , 3M , 
UL131a ; 6 - 151 : gM , gN , gL , go , UL130 , UL83 ; 6 - 152 : gM , gN , gH , GL , GO , UL128 , UL130 , UL131a , U83 are admin 
gN , gL , gO , UL131a , UL83 ; 6 - 153 : gM , gN , GL , UL128 , istered . The composition which comprises coding sequences 
UL130 , UL131a ; 6 - 154 : gM , gn , gL , UL128 , UL130 , of five of gB , GM , GN , GH , GL , CO , UL128 , UL130 , UL131a , 
UL83 ; 6 - 155 : GM , GN , GL , UL128 , UL131a , UL83 ; 6 - 156 : 60 U83 , or combinations of compositions that collectively 
gM , gN , gL , UL130 , UL131a , UL83 ; 6 - 157 : gM , gN , go , comprise coding sequences of five of GB , gM , gN , GH , GL , 
UL128 , UL130 , UL131a ; 6 - 158 : gM , N , gO , UL128 , CO , UL128 , UL130 , UL131a , U83 are referred to as “ five 
UL130 , UL83 ; 6 - 159 : gM , gN , gO , UL128 , UL131a , UL83 ; antigen vaccines " . The following combinations 5 - 1 to 5 - 252 
6 - 160 : GM , gN , GO , UL130 , UL131a , UL83 ; 6 - 161 : GM , gN may be present in an five antigen vaccine : 5 - 1 : gB , GM , gN , 
UL128 , UL130 , UL131a , UL83 ; 6 - 162 : gM , gH , gl , gO , 65 gH , gL ; 5 - 2 : gB , GM , gN , gH , gO ; 5 - 3 : GB , GM , gN , gH , 
UL128 , UL 130 ; 6 - 163 : gM , GH , GL , CO , UL128 , UL131a ; UL128 ; 5 - 4 : GB , GM , gN , GH , UL 130 ; 5 - 5 : gB , GM , gN , GH , 
6 - 164 : gM , gH , gl , gO , UL128 , UL83 ; 6 - 165 : gM , gH , gL , UL131a ; 5 - 6 : GB , 3M , gN , GH , UL83 ; 5 - 7 : GB , gM , gN , GL , 

N . , 36 . OL 131a ; 6N , , UL 128 . ; 6 - 157 : gM , ENL 128 , 
M128 , UL 130 , – 159 : 9M . N . 1311 , UL8336 
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gO ; 5 - 8 : GB , GM , gN , GL , UL128 ; 5 - 9 : GB , gM , gN , gl , UL83 ; 5 - 120 : gB , GL , UL128 , UL131A , UL83 ; 5 - 121 : GB , 
UL130 ; 5 - 10 : GB , gM , gN , GL , UL131a ; 5 - 11 : gB , gM , gN , gL , UL130 , UL131A , UL83 ; 5 - 122 : gB , gO , UL128 , 
gL , UL83 ; 5 - 12 : GB , gM , gN , gO , UL128 ; 5 - 13 : gB , GM , UL130 , UL131a ; 5 - 123 : GB , gO , UL128 , UL130 , UL83 ; 
gN , GO , UL130 ; 5 - 14 : gB , gM , gN , gO , UL131a ; 5 - 15 : gB , 5 - 124 : gB , gO , UL128 , UL131A , UL83 ; 5 - 125 : gB , go , 
gM , gn , gO , UL83 ; 5 - 16 : gB , gM , gN , UL128 , UL130 ; 5 UL130 , UL131A , UL83 ; 5 - 126 : GB , UL128 , UL130 , 
5 - 17 : gB , gM , gN , UL128 , UL131a ; 5 - 18 : GB , gM , gN , UL131A , UL83 ; 5 - 127 : gM , gN , gH , gl , gO ; 5 - 128 : gM , 
UL128 , UL83 ; 5 - 19 : gB , GM , gN , UL130 , UL131a ; 5 - 20 : 9N , GH , GL , UL128 ; 5 - 129 : gM , gN , gH , GL , UL130 ; 5 - 130 : 
gB , GM , gN , UL130 , UL83 ; 5 - 21 : GB , gM , gN , UL131A , gM , gN , GH , GL , UL131a ; 5 - 131 : gM , gN , gH , GL , UL83 ; 
UL83 ; 5 - 22 : gB , gM , gH , gl , gO ; 5 - 23 : gB , gM , gH , OL , 5 - 132 : gM , N , gH , gO , UL128 ; 5 - 133 : gM , gN , OH , go , 
UL128 ; 5 - 24 : gB , GM , gH , GL , UL130 ; 5 - 25 : gB , gM , gH , 10 UL130 ; 5 - 134 : gM , gN , gH , gO , UL131a ; 5 - 135 : gM , gN , 
gL , UL131a ; 5 - 26 : GB , gM , gH , GL , UL83 ; 5 - 27 : GB , GM , gH , gO , UL83 ; 5 - 136 : gM , gN , GH , UL128 , UL130 ; 5 - 137 : 
gH , gO , UL128 ; 5 - 28 : gB , gM , gH , gO , UL130 ; 5 - 29 : gB , CM , gN , gH , UL128 , UL131a ; 5 - 138 : gM , gN , gH , UL128 , 
GM , gH , gO , UL131a ; 5 - 30 : GB , GM , GH , gO , UL83 ; 5 - 31 : UL83 ; 5 - 139 : GM , gN , GH , UL130 , UL131a ; 5 - 140 : gM , GN , 
gB , gM , GH , UL128 , UL130 ; 5 - 32 : GB , gM , GH , UL128 , GH , UL130 , UL83 ; 5 - 141 : gM , gN , GH , UL131A , UL83 ; 
UL131a ; 5 - 33 : gB , GM , GH , UL128 , UL83 ; 5 - 34 : gB , gM , 15 5 - 142 : gM , gN , gl , gO , UL128 ; 5 - 143 : gM , gn , gl , go , 
gH , UL130 , UL131a ; 5 - 35 : GB , GM , GH , UL130 , UL83 ; UL130 ; 5 - 144 : gM , gN , gL , GO , UL131a ; 5 - 145 : gM , gN , 
5 - 36 : gB , gM , gH , UL131A , UL83 ; 5 - 37 : gB , OM , gl , go , gL , CO , UL83 ; 5 - 146 : gM , gN , gL , UL128 , UL130 ; 5 - 147 : 
UL128 ; 5 - 38 : GB , gM , GL , GO , UL130 ; 5 - 39 : GB , GM , GL , OM , gN , GL , UL128 , UL131a ; 5 - 148 : gM , gN , GL , UL128 , 
gO , UL131a ; 5 - 40 : gB , gM , gl , gO , UL83 ; 5 - 41 : GB , gM , UL83 ; 5 - 149 : GM , gN , GL , UL130 , UL131a ; 5 - 150 : gM , gN , 
gL , UL128 , UL130 ; 5 - 42 : gB , gM , GL , UL128 , UL131a ; 20 gL , UL130 , UL83 ; 5 - 151 : gM , gn , gL , UL131A , UL83 ; 
5 - 43 : gB , GM , GL , UL128 , UL83 ; 5 - 44 : GB , GM , GL , UL130 , 5 - 152 : gM , gn , gO , UL128 , UL130 ; 5 - 153 : GM , gN , go , 
UL131a ; 5 - 45 : gB , gM , gL , UL130 , UL83 ; 5 - 46 : gB , gM , UL128 , UL131a ; 5 - 154 : gM , N , O , UL128 , UL83 ; 5 - 155 : 
gL , UL131A , UL83 ; 5 - 47 : gB , GM , GO , UL128 , UL130 ; gM , gN , GO , UL130 , UL131a ; 5 - 156 : gM , gN , gO , UL 130 , 
5 - 48 : GB , gM , go , UL128 , UL131a ; 5 - 49 : gB , gM , go , UL83 ; 5 - 157 : gM , gN , gO , UL131A , UL83 ; 5 - 158 : GM , gN , 
UL128 , UL83 ; 5 - 50 : gB , OM , 30 , UL130 , UL131a ; 5 - 51 : 25 UL128 , UL130 , UL131a ; 5 - 159 : gM , gN , UL128 , UL 130 , 
gB , gM , gO , UL130 , UL83 ; 5 - 52 : GB , gM , gO , UL131A , UL83 ; 5 - 160 : GM , gN , UL128 , UL131A , UL83 ; 5 - 161 : gM , 
UL83 ; 5 - 53 : GB , gM , UL128 , UL130 , UL131a ; 5 - 54 : gB , ON , UL130 , UL131A , UL83 ; 5 - 162 : gM , gH , gl , go , 
gM , UL128 , UL130 , UL83 ; 5 - 55 : gB , OM , UL128 , UL128 ; 5 - 163 : gM , gH , gL , gO , UL130 ; 5 - 164 : gM , gH , GL , 
UL131A , UL83 ; 5 - 56 : GB , GM , UL130 , UL131A , UL83 ; gO , UL131a ; 5 - 165 : gM , GH , NL , GO , UL83 ; 5 - 166 : gM , GH , 
5 - 57 : gB , gN , gH , gl , gO ; 5 - 58 : gB , gn , gH , gL , UL128 ; 30 gL , UL128 , UL130 ; 5 - 167 : gM , gH , gL , UL128 , UL131a ; 
5 - 59 : gB , gN , gH , gL , UL130 ; 5 - 60 : GB , gN , GH , GL , 5 - 168 : gM , gH , GL , UL128 , UL83 ; 5 - 169 : gM , GH , gL , 
UL131a ; 5 - 61 : GB , gN , gH , GL , UL83 ; 5 - 62 : gB , gN , GH , UL130 , UL131a ; 5 - 170 : GM , GH , GL , UL 130 , UL83 ; 5 - 171 : 
gO , UL128 ; 5 - 63 : GB , gN , GH , gO , UL130 ; 5 - 64 : gB , gN , gM , GH , GL , UL131A , UL83 ; 5 - 172 : gM , GH , gO , UL128 , 
gH , gO , UL131a ; 5 - 65 : gB , gN , GH , CO , UL83 ; 5 - 66 : gB , UL130 ; 5 - 173 : gM , GH , gO , UL128 , UL131a ; 5 - 174 : GM , 
gN , gH , UL128 , UL 130 ; 5 - 67 : gB , gN , GH , UL128 , 35 gH , gO , UL128 , UL83 ; 5 - 175 : gM , OH , gO , UL130 , 
UL131a ; 5 - 68 : GB , gN , GH , UL128 , UL83 ; 5 - 69 : GB , gN , UL131a ; 5 - 176 : gM , gH , GO , UL130 , UL83 ; 5 - 177 : GM , GH , 
gH , UL130 , UL131a ; 5 - 70 : gB , gN , gH , UL130 , UL83 ; gO , UL131A , UL83 ; 5 - 178 : OM , gH , UL128 , UL130 , 
5 - 71 : gB , gN , GH , UL131A , UL83 ; 5 - 72 : GB , gN , gL , go , UL131a ; 5 - 179 : gM , GH , UL128 , UL130 , UL83 ; 5 - 180 : gM , 
UL128 ; 5 - 73 : gB , gn , gL , gO , UL130 ; 5 - 74 : gB , gn , gl , gH , UL128 , UL131A , UL83 ; 5 - 181 : OM , gH , UL130 , 
gO , UL131a ; 5 - 75 : GB , gN , GL , gO , UL83 ; 5 - 76 : gB , gN , 40 UL131A , UL83 ; 5 - 182 : gM , GL , gO , UL128 , UL130 ; 5 - 183 : 
GL , UL128 , UL130 ; 5 - 77 : gB , gN , GL , UL128 , UL131a ; gM , gl , gO , UL128 , UL131a ; 5 - 184 : gM , GL , gO , UL128 , 
5 - 78 : gB , gN , gL , UL128 , UL83 ; 5 - 79 : gB , gN , gL , UL130 , UL83 ; 5 - 185 : gM , gL , gO , UL130 , UL131a ; 5 - 186 : gM , gL . 
UL131a ; 5 - 80 : GB , GN , GL , UL130 , UL83 ; 5 - 81 : gB , gN , GL , CO , UL130 , UL83 ; 5 - 187 : GM , GL , gO , UL131A , UL83 ; 
UL131A , UL83 ; 5 - 82 : gB , gn , go , UL128 , UL130 ; 5 - 83 : 5 - 188 : gM , gL , UL128 , UL130 , UL131a ; 5 - 189 : gM , gL , 
gB , gN , gO , UL128 , UL131a ; 5 - 84 : gB , gN , gO , UL128 , 45 UL128 , UL130 , UL83 ; 5 - 190 : gM , gL , UL128 , UL131A , 
UL83 ; 5 - 85 : GB , gN , gO , UL130 , UL131a ; 5 - 86 : GB , gN , UL83 ; 5 - 191 : GM , GL , UL130 , UL131A , UL83 ; 5 - 192 : gM , 
gO , UL130 , UL83 ; 5 - 87 : gB , gN , 90 , UL131A , UL83 ; 5 - 88 : gO , UL128 , UL130 , UL131a ; 5 - 193 : gM , go , UL128 . 
gB , gN , UL128 , UL130 , UL131a ; 5 - 89 : gB , gN , UL128 , UL130 , UL83 ; 5 - 194 : gM , gO , UL128 , UL131A , UL83 ; 
UL130 , UL83 ; 5 - 90 : GB , gN , UL128 , UL131A , UL83 ; 5 - 91 : 5 - 195 : gM , go , UL130 , UL131A , UL83 ; 5 - 196 : gM , 
gB , gN , UL130 , UL131A , UL83 ; 5 - 92 : gB , gH , gl , gO , 50 UL128 , UL130 , UL131A , UL83 ; 5 - 197 : gN , GH , gl , go , 
UL128 ; 5 - 93 : GB , gH , GL , gO , UL130 ; 5 - 94 : gB , gH , GL , UL128 ; 5 - 198 : gN , gH , NL , GO , UL130 ; 5 - 199 : gN , GH , gL , 
gO , UL131a ; 5 - 95 : GB , gH , gL , CO , UL83 ; 5 - 96 : gB , gH , O , UL131a ; 5 - 200 : gN , gH , GL , GO , UL83 ; 5 - 201 : gN , gH , 
GL , UL128 , UL130 ; 5 - 97 : GB , gH , GL , UL128 , UL131a ; gL , UL128 , UL130 ; 5 - 202 : gN , GH , GL , UL128 , UL131a ; 
5 - 98 : GB , gH , GL , UL128 , UL83 ; 5 - 99 : GB , gH , GL , UL130 , 5 - 203 : gN , gH , GL , UL128 , UL83 ; 5 - 204 : gN , gH , GL , 
UL131a ; 5 - 100 : gB , gH , gL , UL130 , UL83 ; 5 - 101 : gB , gH , 55 UL130 , UL131a ; 5 - 205 : gN , gH , GL , UL130 , UL83 ; 5 - 206 : 
gL , UL131A , UL83 ; 5 - 102 : gB , GH , GO , UL128 , UL130 ; gN , GH , GL , UL131A , UL83 ; 5 - 207 : gN , GH , GO , UL128 , 
5 - 103 : gB , gH , gO , UL128 , UL131a ; 5 - 104 : GB , gH , go , UL130 ; 5 - 208 : gN , gH , gO , UL128 , UL131a ; 5 - 209 : gN , 
UL128 , UL83 ; 5 - 105 : GB , gH , CO , UL130 , UL131a ; 5 - 106 : gH , gO , UL128 , UL83 ; 5 - 210 : gN , OH , gO , UL130 , 
gB , gH , gO , UL130 , UL83 ; 5 - 107 : gB , gH , gO , UL131A , UL131a ; 5 - 211 : gN , gH , CO , UL130 , UL83 ; 5 - 212 : gN , gH , 
UL83 ; 5 - 108 : gB , OH , UL128 , UL130 , UL131a ; 5 - 109 : gB , 60 gO , UL131A , UL83 ; 5 - 213 : 9N , gH , UL128 , UL130 , 
gH , UL128 , UL130 , UL83 ; 5 - 110 : gB , gH , UL128 , UL131a ; 5 - 214 : gN , GH , UL128 , UL130 , UL83 ; 5 - 215 : gN , 
UL131A , UL83 ; 5 - 111 : gB , gH , UL130 , UL131A , UL83 ; gH , UL128 , UL131A , UL83 ; 5 - 216 : 9N , gH , UL130 , 
5 - 112 : gB , gL , gO , UL128 , UL130 ; 5 - 113 : gB , gl , go , UL131A , UL83 ; 5 - 217 : gN , GL , gO , UL128 , UL130 ; 5 - 218 : 
UL128 , UL131a ; 5 - 114 : GB , GL , gO , UL128 , UL83 ; 5 - 115 : gN , gL , GO , UL128 , UL131a ; 5 - 219 : gN , GL , GO , UL128 , 
GB , gl , gO , UL130 , UL131a ; 5 - 116 : GB , GL , GO , UL130 , 65 UL83 ; 5 - 220 : gN , GL , GO , UL130 , UL131a ; 5 - 221 : GN , GL , 
UL83 ; 5 - 117 : GB , GL , gO , UL131A , UL83 ; 5 - 118 : GB , gL , CO , UL130 , UL83 ; 5 - 222 : gN , GL , gO , UL131A , UL83 ; 
UL128 , UL130 , UL131a ; 5 - 119 : GB , GL , UL128 , UL130 , 5 - 223 : gN , GL , UL128 , UL130 , UL131a ; 5 - 224 : gN , gL , D u rant U : UL 130 , 65 01 83 ; 5 - 220 : GN , gl , go , UL130 . UL131a . am 



59 
US 9 , 994 , 619 B2 

60 
UL128 , UL130 , UL83 ; 5 - 225 : gN , GL , UL128 , UL131A , 4 - 46 : gB , gN , U128 ; U131A ; 4 - 47 : gB , gN , U128 ; U83 ; 
UL83 ; 5 - 226 : GN , GL , UL130 , UL131A , UL83 ; 5 - 227 : gN , 4 - 48 : gB , gN , U130 ; U131A ; 4 - 49 : gB , gN , U130 ; U83 ; 
gO , UL128 , UL130 , UL131a ; 5 - 228 : gN , gO , UL128 , 4 - 50 : GB , gN , U131A ; U83 ; 4 - 51 : GB , gH , gL , 30 ; 4 - 52 : gB , 
UL130 , UL83 ; 5 - 229 : gN , gO , UL128 , UL131A , UL83 ; gH , GL , U128 ; 4 - 53 : gB , gH , GL , U130 ; 4 - 54 : gB , gH , GL , 
5 - 230 : gN , GO , UL130 , UL131A , UL83 ; 5 - 231 : gN , UL128 , 5 U131A ; 4 - 55 : gB , gH , gL , U83 ; 4 - 56 : gB , gH , go , U128 ; 
UL130 , UL131A , UL83 ; 5 - 232 : gH , gl , gO , UL128 , 4 - 57 : gB , gH , gO , U130 ; 4 - 58 : gB , gH , gO , U131A ; 4 - 59 : 
UL130 ; 5 - 233 : gH , NL , gO , UL128 , UL131a ; 5 - 234 : gH , GL , gB , OH , O , U83 ; 4 - 60 : GB , gH , U128 ; U130 ; 4 - 61 : GB , gH , 
gO , UL128 , UL83 ; 5 - 235 : GH , GL , GO , UL130 , UL131a ; U128 ; U131A ; 4 - 62 : gB , GH , U128 ; U83 ; 4 - 63 : gB , gH , 
5 - 236 : gH , GL , go , UL130 , UL83 ; 5 - 237 : gH , gl , go , U130 ; U131A ; 4 - 64 : gB , GH , U130 ; U83 ; 4 - 65 : gB , gH , 
UL131A , UL83 ; 5 - 238 : gH , OL , UL128 , UL130 , UL131a ; 10 U131A ; U83 ; 4 - 66 : gB , gl , gO , U128 ; 4 - 67 : gB , gL , go , 
5 - 239 : gH , gL , UL128 , UL130 , UL83 ; 5 - 240 : gH , gl , U130 ; 4 - 68 : GB , gL , go , U131A ; 4 - 69 : gB , gL , gO , U83 ; 
UL128 , UL131A , UL83 ; 5 - 241 : gH , gL , UL130 , UL131A , 4 - 70 : gB , gL , U128 ; U130 ; 4 - 71 : gB , gL , U128 ; U131A ; 
UL83 ; 5 - 242 : GH , CO , UL128 , UL130 , UL131a ; 5 - 243 : gH 4 - 72 : gB , GL , U128 ; U83 ; 4 - 73 : GB , GL , U130 ; U131A ; 
gO , UL128 , UL130 , UL83 ; 5 - 244 : gH , go , UL128 , 4 - 74 : gB , GL , U130 ; U83 ; 4 - 75 : GB , GL , U131A ; U83 ; 4 - 76 : 
UL131A , UL83 ; 5 - 245 : gH , CO , UL130 , UL131A , UL83 ; 15 gB , gO , U128 ; U130 ; 4 - 77 : gB , gO , U128 ; U131A ; 4 - 78 : 
5 - 246 : GH , UL128 , UL130 , UL131A , UL83 ; 5 - 247 : gL , go , gB , gO , U128 ; U83 ; 4 - 79 : GB , go , U130 ; U131A ; 4 - 80 : GB , 
UL128 , UL130 , UL131a ; 5 - 248 : gl , gO , UL128 , UL130 , gO , U130 ; U83 ; 4 - 81 : gB , go , U131A ; U83 ; 4 - 82 : gB , 
UL83 ; 5 - 249 : GL , gO , UL128 , UL131A , UL83 ; 5 - 250 : gL , U128 ; U130 ; U131A ; 4 - 83 : gB , U128 ; U130 ; U83 ; 4 - 84 : 
gO , UL130 , UL131A , UL83 ; 5 - 251 : gL , UL128 , UL130 , gB , U128 ; U131A ; U83 ; 4 - 85 : gB , U130 ; U131A ; U83 ; 
UL131A , UL83 ; and 5 - 252 : 90 , UL128 , UL130 , UL131A , 20 4 - 86 : gM , gN , gH , gL ; 4 - 87 : gM , gN , GH , gO ; 4 - 88 : gM , ON , 
UL83 . In some embodiments , these vaccines comprise one gH , U128 ; 4 - 89 : gM , gN , gH , U130 ; 4 - 90 : GM , gN , gH , 
or more of the coding sequences encoding each of gB , OM , U131A ; 4 - 91 : gM , gn , gH , U83 ; 4 - 92 : gM , gn , gL , gO ; 
gN , gH , gl , go , UL128 , UL130 , UL131a that have 4 - 93 : gM , gn , gL , U128 ; 4 - 94 : gM , gn , gL , U130 ; 4 - 95 : 
sequences selected from the group consisting of SEQ ID OM , gN , GL , U131A ; 4 - 96 : GM , gN , GL , U83 ; 4 - 97 : gM , gN , 
NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 25 go , U128 ; 4 - 98 : gM , gn , go , U130 ; 4 - 99 : GM , gN , go , 
34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In U131A ; 4 - 100 : gM , gN , go , U83 ; 4 - 101 : gM , gN , U128 ; 
some embodiments , one or more of the coding sequences is U130 ; 4 - 102 : gM , gN , U128 ; U131A ; 4 - 103 : gM , ON , U128 ; 
selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , U83 ; 4 - 104 : gM , GN , 0130 ; U131A ; 4 - 105 : GM , gN , 0130 ; 
9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , U83 ; 4 - 106 : gM , gN , U131A ; U83 ; 4 - 107 : gM , gH , gL , gO ; 
41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . In some embodi - 30 4 - 108 : gM , gH , GL , U128 ; 4 - 109 : gM , OH , OL , U130 ; 4 - 110 : 
ments , one or more of the coding sequences in a vaccine is gM , gH , GL , U131A ; 4 - 111 : gM , gH , GL , U83 ; 4 - 112 : gM , 
selected from the group consisting of SEO ID NO : 1 , 3 , 5 , 7 , gH , gO , U128 ; 4 - 113 : gM , gH , gO , U130 ; 4 - 114 : gM , gH , 
9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , gO , U131A ; 4 - 115 : gM , GH , gO , U83 ; 4 - 116 : gM , GH , 
41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . U128 ; U130 ; 4 - 117 : gM , GH , U128 ; U131A ; 4 - 118 : gM , GH , 

35 U128 ; U83 ; 4 - 119 : gM , gH , U130 ; U131A ; 4 - 120 : gM , gH , 
Example 8 U130 ; U83 ; 4 - 121 : gM , GH , U131A ; U83 ; 4 - 122 : gM , gl , 

gO , U128 ; 4 - 123 : gM , gl , gO , U130 ; 4 - 124 : gM , gl , go , 
In some embodiments , a composition comprising coding U131A ; 4 - 125 : gM , gl , gO , U83 ; 4 - 126 : gM , gL , U128 ; 

sequences for four of : GB , GM , gN , gH , GL , GO , UL128 , U130 ; 4 - 127 : gM , GL , U128 ; U131A ; 4 - 128 : gM , GL , U128 ; 
UL130 , UL131a , U83 , or multiple compositions which 40 U83 ; 4 - 129 : gM , GL , U130 ; U131A ; 4 - 130 : gM , GL , U130 ; 
collectively comprise coding sequences for four of : GB , gM , U83 ; 4 - 131 : gM , gl , U131A ; U83 ; 4 - 132 : gM , g0 , U128 ; 
gN , gH , gL , gO , UL128 , UL130 , UL131a , U83 are admin U130 ; 4 - 133 : gM , CO , U128 ; U131A ; 4 - 134 : OM , , U128 ; 
istered . The composition may comprises coding sequences U83 ; 4 - 135 : GM , GO , U130 ; U131A ; 4 - 136 : GM , gO , U130 ; 
of four of gB , GM , gn , gH , gl , go , UL128 , UL130 , U83 ; 4 - 137 : gM , 90 , U131A ; U83 ; 4 - 138 : gM , U128 ; U130 ; 
UL131a , U83 , or combinations of compositions that collec - 45 U131A ; 4 - 139 : gM , U128 ; U130 ; U83 ; 4 - 140 : gM , U128 ; 
tively comprise coding sequences of four of gB , gM , gN , U131A ; U83 ; 4 - 141 : gM , U130 ; U131A ; U83 ; 4 - 142 : gN , 
gH , gL , CO , UL128 , UL130 , UL131a , U83 . The following gH , gL , gO ; 4 - 143 : 9N , GH , GL , U128 ; 4 - 144 : gN , gH , GL , 
combinations 4 - 1 to 4 - 210 may be present in a four antigen U130 ; 4 - 145 : gN , GH , GL , U131A ; 4 - 146 : SN , gH , GL , U83 ; 
vaccine : 4 - 1 : GB , GM , gN , gH ; 4 - 2 : GB , gM , gN , gL ; 4 - 3 : GB , 4 - 147 : gN , gH , gO , U128 ; 4 - 148 : gN , gH , gO , U130 ; 4 - 149 : 
gM , gN , gO ; 4 - 4 : gB , GM , GN , U128 ; 4 - 5 : GB , GM , GN , 50 gN , gH , GO , U131A ; 4 - 150 : gN , GH , GO , U83 ; 4 - 151 : gN , 
U130 ; 4 - 6 : GB , GM , gN , U131a ; 4 - 7 : GB , GM , gN , U83 ; 4 - 8 : gH , U128 ; U130 ; 4 - 152 : gN , gH , U128 ; U131A ; 4 - 153 : gN , 
gB , gM , GH , gL ; 4 - 9 : GB , GM , gH , gO ; 4 - 10 : gB , GM , GH , OH , U128 ; U83 ; 4 - 154 : gN , GH , U130 ; U131A ; 4 - 155 : gN , 
U128 ; 4 - 11 : GB , gM , GH , U130 ; 4 - 12 : gB , GM , GH , U131A ; GH , U130 ; U83 ; 4 - 156 : gN , GH , U131A ; U83 ; 4 - 157 : gN , 
4 - 13 : 9B , gM , gH , U83 ; 4 - 14 : gB , gM , GL , gO ; 4 - 15 : gB , SL , CO , U128 ; 4 - 158 : gN , gL , gO , U130 ; 4 - 159 : gN , gL , go , 
gM , GL , U128 ; 4 - 16 : GB , gM , GL , U130 ; 4 - 17 : GB , gM , gL , 55 U131A ; 4 - 160 : gN , gl , gO , U83 ; 4 - 161 : gN , gL , U128 ; 
U131A ; 4 - 18 : GB , GM , gL , U83 ; 4 - 19 : GB , GM , gO , U128 ; U130 ; 4 - 162 : gN , GL , U128 ; U131A ; 4 - 163 : gN , GL , U128 ; 
4 - 20 : gB , CM , 90 , U130 ; 4 - 21 : gB , CM , go , U131A ; 4 - 22 : U83 ; 4 - 164 : gN , OL , U130 ; U131A ; 4 - 165 : gN , gL , U130 ; 
gB , gM , go , U83 ; 4 - 23 : gB , GM , U128 ; U130 ; 4 - 24 : gB , U83 ; 4 - 166 : gN , GL , U131A ; U83 ; 4 - 167 : gN , gO , U128 ; 
gM , U128 ; U131A ; 4 - 25 : gB , gM , U128 ; U83 ; 4 - 26 : gB , U130 ; 4 - 168 : gN , g0 , U128 ; U131 A ; 4 - 169 : gN , g0 , U128 ; 
gM , U130 ; U131A ; 4 - 27 : gB , OM , U130 ; U83 ; 4 - 28 : gB , 60 U83 ; 4 - 170 : gN , gO , U130 ; U131A ; 4 - 171 : gN , g0 , U130 ; 
gM , U131A ; U83 ; 4 - 29 : gB , gN , gH , gL ; 4 - 31 : GB , gN , GH , U83 ; 4 - 172 : gN , gO , U131A ; U83 ; 4 - 173 : gN , U128 ; U130 ; 
gO ; 4 - 32 : gB , gN , GH , U128 ; 4 - 33 : GB , gN , GH , U130 ; 4 - 34 : U131A ; 4 - 174 : gN , U128 ; U130 ; U83 ; 4 - 175 : gN , U128 ; 
gB , GN , gH , U131A ; 4 - 35 : GB , gN , GH , U83 ; 4 - 36 : GB , gN , U131A ; U83 ; 4 - 176 : gN , U130 ; U131A ; U83 ; 4 - 177 : gH , 
gL , gO ; 4 - 37 : GB , gN , gL , U128 ; 4 - 38 : gB , gN , gL , U130 ; gl , g0 , U128 ; 4 - 178 : GH , GL , gO , U130 ; 4 - 179 : GH , GL , go , 
4 - 39 : GB , GN , GL , U131A ; 4 - 40 : GB , GN , GL , U83 ; 4 - 41 : GB , 65 U131A ; 4 - 180 : GH , GL , gO , U83 ; 4 - 181 : gH , GL , U128 ; 
gN , 30 , U128 ; 4 - 42 : GB , gN , gO , U130 ; 4 - 43 : GB , gN , go , U130 ; 4 - 182 : gH , GL , U128 ; U131A ; 4 - 183 : gH , gL , U128 ; 
U131A ; 4 - 44 : gB , gN , GO , U83 ; 4 - 45 : GB , gN , U128 ; U130 ; U83 ; 4 - 184 : gH , GL , U130 ; U131A ; 4 - 185 : GH , GL , 0130 ; 
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U83 ; 4 - 186 : gH , gl , U131A ; U83 ; 4 - 187 : gH , gO , U128 ; UL131A , UL83 ; 3 - 65 : gN , gH , gL ; 3 - 66 : gN , GH , g0 ; 3 - 67 : 
U130 ; 4 - 188 : GH , CO , U128 ; U131A ; 4 - 189 : gH , CO , U128 ; gN , GH , UL128 ; 3 - 68 : gN , GH , UL130 ; 3 - 69 : gn , gH , 
U83 ; 4 - 190 : gH , gO , U130 ; U131A ; 4 - 191 : gH , gO , U130 ; UL131A ; 3 - 70 : gN , GH , UL83 ; 3 - 71 : gN , gL , gO ; 3 - 72 : gN , 
U83 ; 4 - 192 : GH , GO , U131A ; U83 ; 4 - 193 : GH , U128 ; U130 ; gL , UL128 ; 3 - 73 : gN , GL , UL130 ; 3 - 74 : gN , gL , UL131A ; 
U131A ; 4 - 194 : gH , U128 ; U130 ; U83 ; 4 - 195 : gH , U128 ; 5 3 - 75 : GN , GL , UL83 ; 3 - 76 : gN , gO , UL128 ; 3 - 77 : gN , go , 
U131A ; U83 ; 4 - 196 : GH , U130 ; U131A ; U83 ; 4 - 197 : gL , UL130 ; 3 - 78 : gN , CO , UL131A ; 3 - 79 : gN , CO , UL83 ; 3 - 80 : 
gO , U128 ; U130 ; 4 - 198 : gL , CO , U128 ; U131A ; 4 - 199 : gL , ON , UL128 , UL130 ; 3 - 81 : ON , UL128 , UL131A ; 3 - 82 : gN , 
gO , 0128 ; U83 ; 4 - 200 : gL , g0 , 0130 ; U131A ; 4 - 201 : gL , UL128 , UL83 ; 3 - 83 : gN , UL130 , UL131A ; 3 - 84 : gN , 
gO , U130 ; U83 ; 4 - 202 : gl , gO , U131A ; U83 ; 4 - 202 : gL UL130 , UL83 ; 3 - 85 : gN , UL131A , UL83 ; 3 - 86 : GH , GL , gO ; 
U128 ; U130 ; U131A ; 4 - 203 : OL , U128 ; U130 ; U83 ; 4 - 204 : 10 3 - 87 : gH , GL , UL128 ; 3 - 88 : gH , GL , UL130 ; 3 - 89 : gH , GL , 
gL , U128 ; U131A ; U83 ; 4 - 205 : GL , U130 ; U131A ; U83 ; UL131A ; 3 - 90 : GH , GL , UL83 ; 3 - 91 : GH , gO , UL128 ; 3 - 92 : 
4 - 206 : 90 , U128 ; U130 ; U131A ; 4 - 207 : g0 , U128 ; U130 ; gH , go , UL130 ; 3 - 93 : gH , gO , UL131A ; 3 - 94 : gH , go , 
U83 ; 4 - 208 : go , U128 ; U131A ; U83 ; 4 - 209 : go , U130 ; UL83 ; 3 - 95 : gH , UL128 , UL130 ; 3 - 96 : gH , UL128 , 
U131A ; U83 ; and 4 - 210 : U128 ; U130 ; U131A ; U83 . In UL131A ; 3 - 97 : gH , UL128 , UL83 ; 3 - 98 : OH , UL 130 , 
some embodiments , these vaccines comprise one or more of 15 UL131A ; 3 - 99 : GH , UL130 , UL83 ; 3 - 100 : gH , UL131A , 
the coding sequences encoding each of GB , gM , gN , GH , GL , UL83 ; 3 - 101 : gl , gO , UL128 ; 3 - 102 : gl , gO , UL130 ; 
gO , UL128 , UL130 , UL131a that have sequences selected 3 - 103 : gL , gO , UL131A ; 3 - 104 : gL , CO , UL83 ; 3 - 105 : gL , 
from the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , UL128 , UL130 ; 3 - 106 : GL , UL128 , UL131A ; 3 - 107 : gL , 
14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , UL128 , UL83 ; 3 - 108 : gL , UL130 , UL131A ; 3 - 109 : gl , 
46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In some embodiments , one 20 UL130 , UL83 ; 3 - 110 : gL , UL131A , UL83 ; 3 - 111 : go , 
or more of the coding sequences is selected from the group UL128 , UL130 ; 3 - 112 : gO , UL128 , UL131A ; 3 - 113 : go , 
consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , UL128 , UL83 ; 3 - 114 : gO , UL130 , UL131A ; 3 - 115 : go , 
23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , UL130 , UL83 ; 3 - 116 : gO , UL131A , UL83 ; 3 - 117 : UL128 , 
55 , 57 and 59 . In some embodiments , one or more of the UL130 , UL131A ; 3 - 118 : UL128 , UL130 , UL83 ; 3 - 119 : 
coding sequences in a vaccine is selected from the group 25 UL128 , UL131A , UL83 ; and 3 - 120 : UL130 , UL131A , 
consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , UL83 . In some embodiments , these vaccines comprise one 
23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , or more of the coding sequences encoding each of gB , gM , 
55 , 57 and 59 . gN , gH , gl , go , UL128 , UL130 , UL131a that have 

sequences selected from the group consisting of SEQ ID 
Example 9 30 NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 

34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In 
In some embodiments , a composition comprising coding some embodiments , one or more of the coding sequences is 

sequences for three of : GB , gM , gn , gH , gL , gO , UL128 , selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 
UL130 , UL131a , U83 , or multiple compositions which 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 
collectively comprise coding sequences for three of : gB , 35 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . In some embodi 
gM , gN , gH , gL , gO , UL128 , UL130 , UL131a , U83 are ments , one or more of the coding sequences in a vaccine is 
administered . The composition which comprises coding selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , 
sequences of three of gB , GM , gN , GH , gL , gO , UL128 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 
UL130 , UL131a , U83 , or combinations of compositions that 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . 
collectively comprise coding sequences of three of gB , gM , 40 
gN , GH , GL , GO , UL128 , UL130 , UL131a , U83 are referred Example 10 
to as “ three antigen vaccines ” . The following combinations 
3 - 1 to 3 - 120 may be present in a three antigen vaccine : 3 - 1 : In some embodiments , a composition comprising coding 
gB , GM , gN ; 3 - 2 : GB , gM , gH ; 3 - 3 : GB , GM , gL ; 3 - 4 : GB , sequences for two of : GB , gM , gN , gH , GL , GO , UL128 , 
gM , gO ; 3 - 5 : gB , GM , UL128 ; 3 - 6 : GB , 3M , UL130 ; 3 - 7 : gB , 45 UL130 , UL131a , U83 , or multiple compositions which 
gM , UL131A ; 3 - 8 : GB , GM , UL83 ; 3 - 9 : gB , gN , gH ; 3 - 10 : collectively comprise coding sequences for two of : gB , GM , 
gB , gN , gL ; 3 - 11 : GB , gN , gO ; 3 - 12 : gB , gN , UL128 ; 3 - 13 : 9N , GH , gl , gO , UL128 , UL130 , UL131a , U83 are admin 
gB , gN , UL130 ; 3 - 14 : gB , gN , UL131A ; 3 - 15 : gB , ON , istered . The composition may comprises coding sequences 
UL83 ; 3 - 16 : GB , gH , gL ; 3 - 17 : GB , gH , gO ; 3 - 18 : GB , gH , of two of gB , GM , gN , GH , GL , CO , UL128 , UL130 , UL131a , 
UL128 ; 3 - 19 : gB , gH , UL130 ; 3 - 20 : GB , gH , UL131A ; 3 - 21 : 50 U83 , or combinations of compositions that collectively 
gB , GH , UL83 ; 3 - 22 : GB , gL , g0 ; 3 - 23 : gB , gL , UL128 ; comprise coding sequences of two of gB , gM , gN , gH , gL , 
3 - 24 : GB , GL , UL130 ; 3 - 25 : GB , GL , UL131A ; 3 - 26 : GB , gL , CO , UL128 , UL130 , UL131a , U83 . There are 45 subsets 
UL83 ; 3 - 27 : GB , gO , UL128 ; 3 - 28 : GB , gO , UL130 ; 3 - 29 : ( 2 - 1 to 2 - 45 ) having 2 antigens from the set of HCMV 
gB , gO , UL131A ; 3 - 30 : GB , gO , UL83 ; 3 - 31 : GB , UL128 , antigens consisting of : GB , gM , gN , gH , gL , gO , UL128 , 
UL130 ; 3 - 32 : gB , UL128 , UL131A ; 3 - 33 : gB , UL128 , 55 U130 , UL131a and UL83 . The following combinations 2 - 1 
UL83 ; 3 - 34 : GB , UL130 , UL131A ; 3 - 35 : GB , UL130 , UL83 ; to 2 - 45 may be present in a two antigen vaccine : 2 - 1 gB , GM , 
3 - 36 : GB , UL131A , UL83 ; 3 - 37 : gM , N , gH ; 3 - 38 : gM , N , 2 - 2 gB , gN , 2 - 3 gB , gH , 2 - 4 gB , gL , 2 - 5 gB , go , 2 - 6 gB , 
gL ; 3 - 39 : GM , gN , 30 ; 3 - 40 : GM , gN , UL128 ; 3 - 41 : gM , gN , UL128 , 2 - 7 gB , UL130 , 2 - 8 gB , UL131a , 2 - 9 gB , UL83 , 
UL130 ; 3 - 42 : gM , gN , UL131A ; 3 - 43 : gM , ON , UL83 ; 3 - 44 : 2 - 10 gM , 3N , 2 - 11 OM , gH , 2 - 12 gM , GL , 2 - 13 gM , g0 , 2 - 14 
gM , gH , gL ; 3 - 45 : gM , GH , g0 ; 3 - 46 : gM , GH , UL128 ; 3 - 47 : 60 CM , UL128 , 2 - 15 gM , UL130 , 2 - 16 GM , UL131a , 2 - 17 gM , 
GM , GH , UL 130 ; 3 - 48 : gM , GH , UL131A ; 3 - 49 : gM , gH , UL83 , 2 - 18 gN , GH , 2 - 19 gN , GL , 2 - 20 gN , go , 2 - 21 gN , 
UL83 ; 3 - 50 : gM , GL , g0 ; 3 - 51 : gM , GL , UL128 ; 3 - 52 : gM , UL128 , 2 - 22 gN , UL130 , 2 - 23 gN , UL131a , 2 - 24 gN , UL83 
gL , UL130 ; 3 - 53 : gM , GL , UL131A ; 3 - 54 : gM , GL , UL83 ; 2 - 25 gH , gL , 2 - 26 gH , go , 2 - 27 gH , UL128 , 2 - 28 gH , 
3 - 55 : gM , gO , UL128 ; 3 - 56 : gM , gO , UL130 ; 3 - 57 : gM , gO , UL130 , 2 - 29 gH , UL131a , 2 - 30 gH , UL83 2 - 31 gL , go , 
UL131A ; 3 - 58 : gM , 90 , UL83 ; 3 - 59 : gM , UL128 , UL130 ; 65 2 - 32 gL , UL128 , 2 - 33 gL , UL130 , 2 - 34 gL , UL131a , 2 - 35 
3 - 60 : GM , UL128 , UL131A ; 3 - 61 : GM , UL128 , UL83 ; 3 - 62 : OL , UL83 2 - 36 gO , UL128 , 2 - 37 go , UL130 , 2 - 38 go , 
GM , UL130 , UL131A ; 3 - 63 : gM , UL130 , UL83 ; 3 - 64 : GM , UL131a , 2 - 39 gO , UL83 2 - 40 UL128 , UL130 , 2 - 41 UL128 , 
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UL131a , 2 - 42 UL128 , UL83 2 - 43 UL130 , UL131a , 2 - 44 SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 
UL130 , UL83 , and 2 - 45 UL131a , UL83 . In some embodi - 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 
ments , these vaccines comprise one or more of the coding 60 . In some embodiments , vaccines comprise coding 
sequences encoding each of gB , gM , gN , GH , gl , go , sequences encoding coding sequences for one , two , three , 
UL128 , UL130 , UL131a that have sequences selected from 5 four , five , six , seven , eight , nine or ten antigens selected 
the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , from the group consisting of each of gB , gM , gN , gH , gl , 
18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , gO , UL128 , UL130 , UL131a wherein four or more of said 
50 , 52 , 54 , 56 , 58 and 60 . In some embodiments , one or more sequences is selected from the group consisting of SEQ ID 
of the coding sequences is selected from the group consist - NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 
ing of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 10 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In 
25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , some embodiments , vaccines comprise coding sequences 
57 and 59 . In some embodiments , one or more of the coding encoding coding sequences for one , two , three , four , five , 
sequences in a vaccine is selected from the group consisting six , seven , eight , nine or ten antigens selected from the 
of SEQ ID NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , group consisting of each of gB , GM , gN , gH , gL , CO , UL128 , 
27 , 29 , 31 , 33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 15 UL130 , UL131a wherein five or more of said sequences is 
and 59 . selected from the group consisting of SEO ID NO : 2 , 4 , 6 , 8 , 

10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 
Example 11 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In some embodi 

ments , vaccines comprise coding sequences encoding cod 
In some embodiments , a composition comprising coding 20 ing sequences for one , two , three , four , five , six , seven , 

sequence for one of : gB , GM , gN , gH , GL , gO , UL128 , eight , nine or ten antigens selected from the group consisting 
UL130 , UL131a , and UL83 is administered . The following of each of gB , GM , gN , GH , GL , GO , UL128 , UL130 , UL131a 
combinations 1 - 1 to 1 - 10 may be present in a one antigen wherein six or more of said sequences is selected from the 
vaccine : 1 - 1 gB , 1 - 2 gM , 1 - 3 gN , 1 - 4 gH , 1 - 5 gL , 1 - 6 go , group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 
1 - 7 UL128 , 1 - 8 UL 130 , 1 - 9 UL131a and 1 - 10 U83 . In some 25 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 
embodiments , these vaccines comprise one of the coding 52 , 54 , 56 , 58 and 60 . In some embodiments , vaccines 
sequences encoding gB , gM , gN , gH , gl , go , UL128 , comprise coding sequences encoding coding sequences for 
UL130 , UL131a that has a sequences selected from the one , two , three , four , five , six , seven , eight , nine or ten 
group consisting of SEO ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , antigens selected from the group consisting of each of gB , 
20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 30 gM , ON , OH , OL , gO , UL128 , UL130 , UL131a wherein 
52 , 54 , 56 , 58 and 60 . In some embodiments , the coding seven or more of said sequences is selected from the group 
sequence is selected from the group consisting of SEQ ID consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 
NO : 1 , 3 , 5 , 7 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 
33 , 35 , 37 , 39 , 41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . In 54 , 56 , 58 and 60 . In some embodiments , vaccines comprise 
some embodiments , the coding sequences in a vaccine is 35 coding sequences encoding coding sequences for one , two , 
selected from the group consisting of SEQ ID NO : 1 , 3 , 5 , 7 , three , four , five , six , seven , eight , nine or ten antigens 
9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 25 , 27 , 29 , 31 , 33 , 35 , 37 , 39 , selected from the group consisting of each of gB , gM , gN , 
41 , 43 , 45 , 47 , 49 , 51 , 53 , 55 , 57 and 59 . gH , gL , gO , UL128 , UL130 , UL131a wherein eight or more 

of said sequences is selected from the group consisting of 
Example 12 40 SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 

30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 
In some embodiments , vaccines comprise coding 60 . In some embodiments , vaccines comprise coding 

sequences encoding coding sequences for one , two , three , sequences encoding coding sequences for one , two , three , 
four , five , six , seven , eight , nine or ten antigens selected four , five , six , seven , eight , nine or ten antigens selected 
from the group consisting of each of gB , gM , gN , GH , gL , 45 from the group consisting of each of gB , GM , gN , gH , gL , 
gO , UL128 , UL130 , UL131a . In some embodiments , vac - gO , UL128 , UL130 , UL131a wherein nine or more of said 
cines comprise coding sequences encoding coding sequences is selected from the group consisting of SEQ ID 
sequences for one , two , three , four , five , six , seven , eight , NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 
nine or ten antigens selected from the group consisting of 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . In 
each of gB , GM , gN , gH , gL , CO , UL128 , UL130 , UL131a 50 some embodiments , vaccines comprise coding sequences 
wherein one or more of said sequences is selected from the encoding coding sequences for one , two , three , four , five , 
group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , six , seven , eight , nine or ten antigens selected from the 
20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , group consisting of each of gB , GM , gN , GH , gL , gO , UL128 , 
52 , 54 , 56 , 58 and 60 . In some embodiments , vaccines UL130 , UL131a wherein ten or more of said sequences is 
comprise coding sequences encoding coding sequences for 55 selected from the group consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 
one , two , three , four , five , six , seven , eight , nine or ten 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 
antigens selected from the group consisting of each of gB , 42 , 44 , 46 , 48 , 50 , 52 , 54 , 56 , 58 and 60 . 
GM , gN , OH , gL , CO , UL128 , UL130 , UL131a wherein two 
or more of said sequences is selected from the group Example 13 
consisting of SEQ ID NO : 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , 18 , 20 , 60 
22 , 24 , 26 , 28 , 30 , 32 , 34 , 36 , 38 , 40 , 42 , 44 , 46 , 48 , 50 , 52 , HCMV Antigen Expression 
54 , 56 , 58 and 60 . In some embodiments , vaccines comprise Following construction , protein expression was con 
coding sequences encoding coding sequences for one , two , firmed by immunoblotting . 293T cells were transfected with 
three , four , five , six , seven , eight , nine or ten antigens each plasmid or empty PVAX vector ( negative control ) and 
selected from the group consisting of each of gB , gM , gN , 65 samples were harvested 48 h later and analyzed by Western 
gH , gL , CO , UL128 , UL130 , UL131a wherein three or more immunoblotting ( photo not shown ) . The presence of a - 66 
of said sequences is selected from the group consisting of kDa protein was detected in the cell lysates of pHCMV - NP 
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transfected 293T cells using anti - HA tag Abs ( data not splenocytes from animal vaccinated with plasmid 6 and a 
shown ) and NP - specific polyclonal serum ( data not shown ) , series of overlapping peptides of HCMV - UL83 . ELTSpot 
while control pVAX empty vector - transfected lysates were data is shown in FIG . 13 . 
negative for Ag expression . Samples were normalized for Sec also FIG . 18a for epitope anaylsis . 
total protein by Bradford protein assay and contained 5 
equivalent amounts of globular tubulin protein . Further Example 14 
more , pHCMV - NP - transfected 293T cells were reactive 
with serum from HCMV immune and pHCMV - NP immu HCMV Plasmid Immunization and Mice 
nized mice ( n = 5 ) , but not from PVAX immunized ( n = 5 ) Adult female C57BL / 6 ( H - 2 ) mice 6 - 8 weeks of age 
animals ( data not shown ) ; hyper - immune serum pooled from 10 were purchased from The Jackson Laboratory ( Bar Harbor , 

Me . ) and were cared for in accordance with Institutional mice immunized five times with pHCMV - NP reacted with Animal Care and Use Committee - approved protocols at the 16 . 6 % of pHCMV - NP - transfected cells on average as com University Pennsylvania School of Medicine Animal Facil pared with 8 . 1 % from HCMV immune animals and 0 . 7 % ity . Mice were immunized with the indicated doses of from PVAX - transfected mice ( data not shown ) . Non - specific 15 C 15 plasmid DNA by i . m . injection into the anterior tibialis 
binding was not detected as the positive sera did not react muscle followed by in vivo electroporation ( EP ) using the 
with PVAX - transfected 293T cells . Furthermore , Western CELLECTRA® adaptive constant current EP Minimally 
immunoblotting confirmed host - cell proteolytic cleavage of Invasive Device ( MID ) ( Inovio Pharmaceuticals , Blue Bell , 
the three fusion proteins segregated by Turin cleavage sites Pa . ) as described previously [ Khan , 2005 # 727 ; Shedlock , 
into independent Ags gM , gN , GH , GL , UL128 , UL130 , and 20 2011 # 1097 ] . A total of four 0 . 1 Amp constant current 
UL131A . square - wave pulses were delivered as two sets of two pulses 

Western Blot Analysis through a triangular 3 - electrode array consisting of 26 - gauge 
Expression of the plasmid DNA - encoded vaccine proteins solid stainless steel electrodes . Each pulse was 52 millisec 

was verified by Western immunoblotting . 293T cells ( 1x106 onds in length with a 1 second delay between the individual 
cells ) were transfected using the Fugene transfection method 25 pulses with three seconds between the sets of pulses . 
( Roche , Indianapolis , Ind . ) . Forty - eight hours post - transfec - The native , virus - derived DNA sequence of the HCMV 
tion , proteins were isolated using cell lysis buffer , fraction - NP protein ( “ Native ' or non - optimized ) was compared with 
ated on SDS - PAGE ( 12 % ) and transferred to nitrocellulose a gene that was optimized for its host species for immuno 
using iBlot Dry Blotting System ( Invitrogen , CA , USA ) genicity in the DNA vaccination of mice ( FIG . 16a ) . Mice 
Immunodetection was performed using SNAP i . d . Protein 30 sin 30 ( n = 10 ) were immunized twice with 35 ug of either the 
Detection System ( Millipore , Mass . , USA ) with specific * Native ' or ' Optimized ’ gene subcloned into a modified 

mammalian DNA expression vector and delivered with EP , mouse antiserum ( pooled from individual groups of mice and T cell immunity was assessed 8 days later . NP - specific immunized 4 - 6 times using the respective plasmid DNA T cells were 2 - fold greater ( p = 0 . 0001 ) in mice immunized construct ) and the expressed proteins were visualized with 35 with the ' Optimized construct thus demonstrating that spe horseradish peroxidase - conjugated goat anti - mouse IgG cies - specific gene optimization can enhance DNA vaccine 
using an ECL detection system ( Amersham Pharmacia Bio induced T cell immunity . 
tech , Piscataway , N . J . ) . The contribution of in vivo EP delivery to the elicitation 

Altogether , transfection of 293T cells using the each of of T and B cell immunity was also assessed . The ' Opti 
the plasmid DNA constructs was sufficient for the produc - 40 mized version of the HCMV NP DNA vaccine was admin 
tion of the consensus immunogens in vitro that was specifi - istered to mice ( n = 5 - 10 / group ) similarly as above , but 
cally reactive with Abs generated from repeat immunization delivered either with or without EP , and protective efficacy 
of mice . was assessed with lethal challenge ( FIG . 16b ) . While both 

Epitope Mapping vaccines elicited protective efficacy when compared with the 
Data was generated to identify immunodominant epitopes 45 control vector , EP delivery during DNA vaccination was 

of HCMV - GB using splenocytes from animal vaccinated completely protective versus only 60 % protection without . 
with plasmid 1 and a series of overlapping peptides of These data show a significant contribution by EP delivery to 
HCMV - GB . ELISpot data is shown in FIG . 10 . the generation of T cells that mediate protective efficacy 

Data was generated to identify immunodominant epitopes against lethal challenge . For evaluation of EP contribution to 
of HCMV - gH and HCMV - gL using splenocytes from animal 50 the generation of B cells , animals were immunized ( n = 5 / 
vaccinated with plasmid 3 and a series of overlapping group ) several times and Ab production was compared 7 
peptides of HCMV - gH and HCMV - gL . ELISpot data is days after each injection with that from wild type HCMV 
shown in FIG . 11 . infection ( FIG . 160 ) . While animals immunized with DNA 
Data was generated to identify immunodominant epitopes alone yielded NP - specific Abs only after a total of 4 immu 

of HCMV - gM and HCMV - ON using splenocytes from ani - 55 nizations , those that received vaccine delivered with EP 
mal vaccinated with plasmid 2 and a series of overlapping exhibited Abs after the second administration . Furthermore , 
peptides of HCMV - gM and HCMV - ON . Data was generated Ab responses in the EP - immunized mice surpassed those in 
to identify immunodominant epitopes of HCMV - GO using mice following wild type HCMV infection , which demon 
splenocytes from animal vaccinated with plasmid 4 and a strated that EP delivery is a potent technology for enhancing 
series of overlapping peptides of HCMV - GO . ELISpot data 60 DNA vaccine - induced immunity . 
is shown in FIG . 12 . DNA Vaccination Induces Robust T and B Cell Immunity 
Data was generated to identify immunodominant epitopes A summary of DNA vaccine data is shown in FIG . 15 . 

of HCMV - UL131A , HCMV - UL130 and HCMV - UL128 These data show that highly effective immune responses 
using splenocytes from animal vaccinated with plasmid 5 induced by vaccines exemplified herein were observed . The 
and a series of overlapping peptides of HCMV - UL131A , 65 HCMV - gHgL data show the construct as an outstanding 
HCMV - UL130 and HCMV - UL128 . Data was generated to vaccine target with superior efficacy , providing high neu 
identify immunodominant epitopes of HCMV - UL83 using tralizing titers and CTL epitopes . Such a construct can be 
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delivered as a DNA vaccine or used as a component of other Sero - Reactivity to gH / gL Correlates with Virus Neutraliza 
vaccine platforms . Similarly , the HCMV : UL131A , UL130 , tion 
and UL138 complex immunogen possesses both CTL activ FIG . 19 shows graphs that neutralization data for : a ) 50 % 
ity as well as neutralization activity supporting its impor neutralization levels for HCMV : GB , gMgN , gHgL , CO , UL , 
tance as a novel vaccine target . The data also shows that the 5 and UL83 , and b ) 50 % neutralization levels for CMV only , 
designed HCV - gMgN is established for vaccine production , seropositive serum , and HCMV - gHgL immunized serum . 
that HCMV - gO is established for protection and that the Splenocyte Isolation and ELISpot Assay 
importance of multiantigen approach is established as a Mice were sacrificed 8 days following the final immuni 
viable example . zation with plasmid DNA and the spleens were harvested 

For evaluation of plasmid DNA immunogenicity , mice 10 and placed in RPMI 1640 medium ( Mediatech Inc . , Manas 
( n = 4 - 6 / group ) were immunized twice with 45 ug of each sas , Va . ) supplemented with 10 % FBS , 1xAnti - anti ( Invit 
respective plasmid vaccine , two weeks between injections rogen ) , and 1xB - ME ( Invitrogen ) . Splenocytes were isolated 
and immediately followed by EP . Mice were sacked 7 - 8 days by mechanical disruption of the spleen using a Stomacher 
following the second immunization and ELISPOT and machine ( Seward Laboratory Systems Inc . , Bohemia , N . Y . ) , 
FACS was performed to assess T cell immunity . Immuni - 15 and the resulting product was filtered using a 40 um cell 
zation with the novel gHgL vaccine resulted in the highest strainer ( BD Falcon ) . The cells were treated for 5 min with 
level of T cell immunity ( « > 10 , 000 IFNy - producing cells per ACK lysis buffer ( Lonza , Switzerland ) for lysis of RBCs and 
million splenocytes ) followed by PUL ( ~ 8 , 000 cells ) . More then the splenocytes were washed in PBS and then resus 
over , the breadth of the epitopic responses for each vaccine pended in complete RPMI medium . 
was assessed and showed that DNA vaccination with a 20 An IFNY ELISPOT assay was conducted . Briefly , 
combination of optimization strategies generated a diversity ELISPOT 96 - well plates ( Millipore , Billerica , Mass . ) were 
of T cell epitopes . Altogether , these data show that all six coated with anti - mouse IFN - y capture antibody and incu 
HCMV DNA vaccine constructs were immunogenic in mice bated for 24 h at 4° C . ( R & D Systems , Minneapolis , Minn . ) . 
following immunization in combination with in vivo EP and The following day , plates were washed with PBS and then 
yielded measurable immunogen - specific T cell responses ; 25 blocked for 2 h with blocking buffer ( 1 % BSA and 5 % 
and T cell immunogenicity was ranked as follows : sucrose in PBS ) . One to two - hundred thousand splenocytes 
gHgL > PUL > UL83 > gB > gMgN > go ( see FIGS . 18b - d ) . per well and in triplicate from each animal were stimulated 

Serum samples were collected and pooled from each overnight at 37° C . in 5 % CO , and in the presence of RPMI 
group of mice ( n = 5 ) 7 - 10 days following each of five to six 1640 ( negative control ) , Concanavalin A ( Con A ; positive 
immunizations ( spaced two weeks apart ) , and then pooled 30 control ) , or with individual ( individual peptides overlapping 
thereafter up to 1 month following the final immunization . complete vaccine proteins were used for the Single Peptide 
Furthermore , serum was collected 6 months following each Analysis ( SPA ) as indicated ) or pooled 15 - mer peptides as 
of the final immunizations ( a time point considered to be indicated ( GenScript ) . After approximately 18 - 20 h of 
clinically relevant for long - term Ab responses ) and tested stimulation , the cells were washed in PBS and incubated for 
along with the pooled - effector sera for the capacity for 35 24 h at 4° C . with biotinylated anti - mouse IFN - y mAb ( R & D 
neutralization of infection with the AD169 - EGFP virus into Systems , Minneapolis , Minn . ) . The plates were washed in 
life extended human foreskin fibroblast cells . Data con - PBS , and streptavidin - alkaline phosphatase ( MabTech , Swe 
firmed a neutralization capacity for g? immunized animals den ) was added to each well and incubated for 2 h at room 
which supports previous data demonstrating its ability to temperature . The plates were washed again in PBS , BCIP / 
elicit nAbs and protect in some challenge models . See FIGS . 40 NBT Plus substrate ( MabTech ) was added to each well for 
19a - b . However , immunization with the novel gHgL DNA 15 - 30 min , and then the plate was rinsed with distilled water 
vaccine generated nAb responses that were - 2 - 4 - fold greater and dried at room temperature . Spots were counted with an 
than g? immunization . Interestingly , neither of these levels automated ELISPOT reader ( Cellular Technology Ltd . , 
of neutralization ability was achieved by any other immu - Shaker Heights , Ohio ) . 
nogen , including the gMgN , go , UL128 - 131A , nor the 45 Moreover , splenocytes from immunized mice were stimu 
UL83 . However , this is not entirely unexpected for the lated with individual peptides ( 15 - mers overlapping by 11 
UL128 - 131A plasmid since the AD169 vector is known to amino acids and spanning the entire lengths of their respec 
contain a sizable mutation / deletion in the 131A protein . tive DNA vaccine - encoded Ags ) to also assess the breadth of 
Lastly , neutralization levels were relatively stable for each the epitopic response and data are displayed in FIGS . 10 - 13 
immunogen comparing effector and memory serum col - 50 and FIG . 18a . To better visualize positive T - cell responses 
lected 6 months following the final immunization . Thus , for the identification of epitope - containing peptides , 
these data demonstrate that DNA vaccination in combination ELISpot data from each animal were stacked in bar graph 
with EP generated robust B cell responses . Altogether , data form and expressed as the SUM of the IFNy + response per 
herein show that the DNA plasmids were immunogenic in group . Epitope - comprising peptides were considered posi 
mice and generated robust T and B cell responses . 55 tive only if they stimulated at least 10 spots on average with 

Immunity to the HCMV g? alone has been demonstrated an 80 % or higher response rate . 
to completely protective in guinea pigs , but has limited Immunization with any of the six HCMV DNA plasmid 
efficacy in the clinic . Thus , we next set out to determine vaccines were observed to stimulated a diversity of measur 
whether their combination with the g? DNA vaccine would able T - cell epitopes ; HCMV - gB induced X epitopes , 
enhance HCMV - specific immunity . Mice ( n = 5 / group ) were 60 HCMV - gMgN - X , HCMV - gHgL - X , HCMV - GO - C , HCMV 
given several doses of the g? plasmid alone , gB + gHgL , or PUL - X , and HCMV - UL83 - X . Additionally , immunodomi 
gB + gHgL + PUL , and T and B cell immunity was assessed . nant epitopes were observed in all mice ( # 5 : GP25 - 39 in 
Indeed , trivalent formulation of these plasmids induced the H - 2 mice and # 27 : GP151 - 171 in H - 2d mice ) and pEBOS 
highest level of both T and B cell responses . Thus , these data ( # 4 : GP19 - 33 in H - 2 mice and # 41 : GP241 - 255 in H - 24 mice ) , 
demonstrate that vaccine - induced CMV - specific immunity 65 while pEBOZ stimulated them only in the H - 2d mice 
can be increased by immunization with multi - valent plasmid ( # 24 : 139 - 153 , # 30 : 175 - 189 , and # 66 : 291 - 405 ) . See FIGS . 10 - 13 
DNA formulations . and FIG . 18a . Moreover , data for epitope - containing pep 



US 9 , 994 , 619 B2 
69 70 

tides are further characterized in Table 1 in which predicted vaccine - induced IFNy + responses are reported and are the 
epitope sequences are displayed and T cell responses were SUM of the average responses per positively identified 
confirmed and de - convoluted by flow cytometry . Total DNA epitope — see Table 1 ( below ) 

TABLE 1 
Best con . rank ( H - 2 ) 

Plasmid CMV & PEP ELISPOT FACS CD8 + ( 50 . 6 ) CD4 + ( 528 ) 
Vaccine ag # # AA # AA # Peptide Sequence Peptide Sequence AVE AVE ISEM SEM T cell T cell Db Db Kb Kb I - ab I - ab 
pHCMV - GB vo # 140 0 388 

37 
1 , 105 

14 . 6 
18 . 4 

. 5 26 00 0 . 1 0 . 2 
28 30 4 . 0 

1 . 2 51 0 . 1 

25 - 39 
37 - 51 
151 - 165 
163 - 177 
361 - 375 
415 - 429 
433 - 447 
439 - 453 
475 - 489 
523 - 537 
529 - 543 

SSSTRGTSATHSHHS 
HHSSHTTSAAHSRSG 
RRSYAYIHTTYLLGS 
LGSNTEYVAPPMWEI 
AEDSYHFSSAKMTAT 
KYGNVSVFETTGGLV 
OKI KOKSLVELERLA 
SLVELERLANRSSLN 
SVHNLVYAOLOFTYD 
INPSAILSAIYNKPI 
LSAIYNKPIAARFMG 

577 
183 
95 

00 70 
73 * 
74 
80 

0 . 4 
430 
89 
73 

146 
00 

360 00 

1 , 045 169 00 0 . 2 
88 53 20 . 7 

2 . 5 + 89 00 0 . 3 

gH pHCMV - 
gHgL 

33 00 38 
26 

776 141 00 o 0 . 1 24 . 5 
00 

00 0 . 1 o 0 . 1 WNED 
WNN PAPPA 

OWNO O 
U 

28 
231 
199 
139 

419 
261 

20 153 00 0 . 6 
20 

2 , 942 
5 

30 81 00 

1 . 2 
25 . 0 
27 . 6 
26 . 8 

N 0 . 6 3 

9 
43 
50 
51 * 
57 
58 

24 
331 
307 

8 + / 4 + 

43 - 57 
49 - 63 
61 - 75 
67 - 81 
73 - 87 
85 - 99 
91 - 105 
97 - 111 

115 - 129 
163 - 177 
175 - 189 
247 - 261 
253 - 267 
295 - 309 
301 - 315 
337 - 351 
343 - 357 
349 - 363 
487 - 501 
535 - 549 
577 - 591 
583 - 597 
589 - 603 
655 - 669 
661 - 675 
685 - 699 
697 - 711 
715 - 729 
721 - 735 
727 - 741 

LNTYGRPIRFLRENT 
PIRFLRENTTOCTYN 
TYNSSLRNSTVVREN 
RNSTVVRENAISFNF 
RENAISFNFFQSYNQ 
YNOYYVFHMPRCLFA 
FHMPRCLFAGPLAEQ 
LFAGPLAEQFLNOVD 
TLERYOORLNTYALV 
SIPHVWMPPOTTPHG 
PHGWKESHTTSGLHR 
MLLIFGHLPRVLFKA 
HLPRVLFKAPYORDN 
DPDFLDAALDFNYLD 
AALDFNYLDLSALLR 
RTVEMAFAYALALFA 
FAYALALFAAAROEE 
LFAAAROEEAGAEVS 
EIFIVETGLCSLAEL 
RLTRLFPDATV PATV 
ESFSALTVSEHVSYV 
TVSEHVSYVVTNOYL 
SYVVTNOYLIKGISY 
LLEYDDTQGVINIMY 
TOGVINIMYMHDSDD 
EVVVSSPRTHYLMLL 
MLLKNGTVLEVTDVV 
TDSRLLMMSVYALSA 
MMSVYALSAIIGIYL 
LSAIIGIYLLYRMLK 

58 
9 

187 
181 
190 
157 

oo 
0 . 5 
0 . 5 
0 . 4 

16 . 1 
1 . 6 
5 . 2 

12 . 9 
0 . 4 M 

59 00 0 

82 
90 
97 
98 * 

00 

?? ?? ?? ?? ?? M NH 00 

99 00 0 0 . 1 
191 

2 , 864 
8 . 00 

136 00 0 0 . 4 
13 . 1 

110 * 
111 
115 
117 
120 
121 

0 0 . 4 

00 7 . 4 
122 00 0 0 . 5 0 . 2 

gL + 

- 17 . 4 + + 

? 64 + HHHHH ? 
49 - 63 
61 - 75 
67 - 81 
85 - 99 
97 - 111 
109 - 123 
265 - 279 

ELTRRCLLGEVFQGD 
QGDKYESWLRPLVNV 
SWLRPLVNVTGRDGP 
LIRYRPVTPEAANSV 
NSVLLDEAFLDTLAL 
LALLYNNPDOLRALL 
PAHSRYGPQAVDAR 

22 0 . 1 + 

[ 
+ 

? 

11 
87 
24 

+ 19 . 8 
14 . 2 ? 

+ 

UL83 14 4 + 11 . 4 pHCMV 
UL83 8 + / 4 + 

· 00 

00 0 . 3 
0 . 1 

16 
17 
18 * 
19 
21 
22 
29 
30 
31 

W WE W 

0000 

79 - 93 
91 - 105 
97 - 111 
103 - 117 
109 - 123 
121 - 135 
127 - 1 
169 - 1 
175 - 189 
181 - 195 
223 - 237 
229 - 243 
253 - 267 
259 - 273 
265 - 279 
301 - 315 
325 - 339 

130 
106 
161 
39 

427 
192 
277 
192 
216 
338 
87 
117 
994 

0 . 4 
16 . 9 
15 . 2 

HTYFTGSEVENVSVN 
SVNVHNPTGRSICPS 
PTGRSICPSOEPMSI 
CPSOEPMSIYVYALP 
MSIYVYALPLKMLNI 
LNIPSINVHHYPSAA 
NVHHYPSAAERKHRH 
TROONOWKEPDVYYT 
WKEPDVYYTSAFVFP 
YYTEAFVFPTKDVAL 
YVKVYLESFCEDVPS 
ESFCEDVPSGKLFMH 
DLTMTRNPOPEMRPH 
NPQPFMRPHERNGFT 
RPHERNGFTVLCPKN 
HFGLLCFKSIPGLSI 
QIFLEVOAIRETVEL 

74 
46 

127 
28 

196 
132 
178 
115 
117 
161 
50 
62 

468 

4 + 

* * * * * * * * * * * * * * * 
0 . 6 
0 . 5 

23 . 1 
4 . 8 8 + / 4 + 0 . 6 

00 0 . 5 

190 177 
43 
44 * 

45 
51 

00 

150 
27 . 0 

55 
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TABLE 1 - continued 
Best con . % rank ( H - 25 ) 

Plasmid CMV a PEP ELISPOT FACS CD8 + ( 50 . 6 ) CD4 + ( 528 ) 
Vaccine ag # AA # Peptide Sequence AVE ESEM T cell Db Kb I - ab 

N PHCMV UL128 37 - 51 00 + 

UL * 4 
8 + 
8 + 2 00 0 . 1 + 

13 

172 
12 

350 
1 , 650 
454 

107 
5 5 

199 
230 
58 

00 + 

00 + ó 0 . 2 16 
17 * 00 + 

443 163 00 + 

00 + NNPP 

NHPPERCYDFKMCNR 
CYDF KMCNRFTVALR 
IRGIVTTMTHSLTRO 
NKLTSCNYNPLYLEA 
NYNPLYLEADGRIRC 
LEADGRIRCGKVNDK 
IRCGKVNDKAQYLLG 
NDKAOYLLGAAGSVP 
LLGAAGSVPYRWINL 
SVPYRWINLEYDKIT 
INLEYDKI TRIVGLD 
KI TRIVGLDOYLESV 
GLDOYLESVKKHKRL 
ESVKKHKRLDVCRAK 

RAKMGYMLQ 

20 
21 * 
22 

bits 

73 - 87 
91 - 105 
97 - 111 
103 - 117 
109 - 123 
115 - 129 
121 - 135 
127 - 141 
133 - 147 
139 - 153 
145 - 159 
151 - 165 
163 - 171 

133 
52 
208 

+ 9 . 7 
24 . 4 00 + 

303 
100 
731 
739 
65 
89 

NNPP 
wo 
202 

0 . 2 
0 . 2 00 + 

23 * 36 00 + 

00 + ON 56 00 + NNNN 00 OU A 
00 + 11 

498 
4 

206 00 + 

UL130 332 146 4 . 6 W 

104 33 
13 - 27 
19 - 33 
43 - 57 
49 - 63 
55 - 69 

LLLCAVWATPCLASP 
WATPCLASPWSTLTA 
KLTYSKPHDAATFYC 
PHDAATFYCPFLYPS 
FYCPFLYPSPPRSPL 

465 
O 600 

22 . 9 
15 . 1 

8 + / 4 + 
8 + / 4 + 
8 + / 4 + 
8 + / 4 + 
8 + / 4 + 

* 
169 
185 
179 

237 0 . 2 
0 . 6 222 0 . 6 ? _ 

UL131A 61 
N 

25 - 39 
31 - 45 
61 - 75 
115 - 129 

AEKNDYYRVPHYWDA 
YRVPHYWDACSRALP 
LNYHYDASHGLDNFD 
PHARSLEFSVRLFAN 

429 

34 
130 
220 
145 

16 . 2 
12 . 1 

+ + 

70 + + NE 255 ? 0 . 6 

9M 0 0 
+ pHCMV 

gMON 
153 
31 

39 
7 

3 
8 + 

0 . 2 
0 . 4 

22 . 2 
21 . 7 • + 

+ 

+ • W NEPH * + 

0 . 3 26 . 2 + 26 * 
27 
30 
31 * 

+ 

19 - 33 
31 - 46 
73 - 87 
97 - 111 
103 - 117 
151 - 165 
157 - 171 
175 - 189 
181 - 196 
193 - 207 
199 - 213 
229 - 243 
289 - 303 
295 - 309 

VFMVLTFVNYSVHLV 
HLVLSNFPHLGYPCV 
DSVOLVCYAVFMOLV 
VCWIKISMRKDKGMS 
SMRKDKGMSLNOSTR 
GMIAFMAAVHFFCLT 
AAVHFFCLTIFNVSM 
YRSYKRSLFFFSRLH 
SLFFFSRLHPKLKGT 
KGTVOFRTLIVLNLE 
RTLIVNLVEVALGFN 
FFVRTFHMVLAVFVV 
TFLSNEYRTFISWSF 
YRTGISWSFGMLFFI 

W NEW 

00 WNEU v NPANNW 
00 P 

WN 00 

258 2 
0 . 1 
0 . 1 OPE 

O U N 000 WOW HOW 

WP 

93 0 
+ 

0 . 1 
0 . 1 
0 . 1 
0 . 3 

+ 24 . 4 
17 . 7 33 

?? ? ?? ??  ? ? ? ? ? ? ? ? ?? ?? ?? ? ? 

who both the south owo w Favo me + 

34 28 0 
+ 0 . 4 

39 8 + 
38 

441 
8 + / 4 + 

8 + u 627 0 . 1 0 . 1 

ON 472 343 00 + 

11 + 

36 + 

1 - 15 
19 - 33 
25 - 30 
67 - 81 
73 - 87 

121 - 135 

2 . 7 
16 . 0 
25 . 0 

MEWNTLVLGLLVLSV 
SNNTSTASTPSPSSS 
ASTPSPSSSTHTSTT 
STTHDPNVMRPHAHN 
NVMRPHAHNDFYKAH 
RHCCFQNFTATTTKG 

14 + 

NAH 
u A0T AWNA 

182 
46 

182 
24 

+ 48 
10 00 + 8 . 6 

go 65 8 + pHCMV 
go 

47 
65 

0 . 1 0 . 1 25 - 39 
283 - 297 + 

?? 1 

301 - 3 
2 . 4 

12 . 9 00 ON u 0 

W W WN 
+ M ?? ?? 

LLSLINCNVLVNSKG 
PYLSYTTSTAFNVTT 
YSATAAVTRVATSTT 
KSIMATOLRDLATWV 
QLRDLATWVYTTLRY 
TWVYTTLRYRNEPFC 

65 
101 101 
43 
14 

784 
394 

55 00 + 

56 
325 - 339 
331 - 345 
337 - 351 

10 
317 
156 

00 + 0 . 2 
57 * 00 + 

a Epitope - containing peptides were identified by IFNY ELISPOT ( 210 spots AND > 80 % response rate ) 
All peptides identified by ELISPOT were confirmed by FACS ( 23 - 5 X 10 + CD3 + cells were acquired ) 
Responding T cells for each epitope - containing peptide were characterized by FACS ( expression of CD4 and / or CD8 by 
CD3 + / CD44 + / IFNY + cells ) . 
Predicted CD8 + epitopes are underlined ( best consensus % rank by IEDB ) Contigious peptide with shared and / or partial epitope 
as confirmed by ELISPOT ( * ) 
NO H - 2b epitopes reported herein have been described ( IEBS 70 % BLAST ) 

Regarding fragment of HCMV antigens , preferably the HCMV - gH : amino acid region 61 - 75 ( peptide # 11 ) ; 
fragments will have the following domains for each of the 60 amino acid region 85 - 99 ( peptide # 15 ) ; amino acid region 
following HCMV antigens : 91 - 105 ( peptide # 15 ) ; amino acid region 175 - 189 ( peptide 

# 30 ) ; amino acid region 661 - 675 ( peptide # 111 ) ; HCMV - gB : amino acid region 25 - 39 ( peptide # 5 ) ; amino HCMV - gL : amino acid region 85 - 99 ( peptide # 15 ) ; 
acid region 151 - 165 ( peptide # 26 ) ; amino acid region 151 - HCMV - UL83 : amino acid region 109 - 123 ( peptide # 19 ) ; 
165 ( peptide # 26 ) ; amino acid region 361 - 375 ( peptide 65 amino acid region 253 - 267 ( peptide # 43 ) ; 
# 5 = 61 ) ; amino acid region 439 - 453 ( peptide # 74 ) ; and / or H CMV - UL128 : amino acid region 91 - 105 ( peptide # 16 ) ; 
amino acid region 475 - 489 ( peptide # 80 ) ; amino acid region 97 - 111 ( peptide # 17 ) ; amino acid region 
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73 
103 - 117 ( peptide # 18 ) ; amino acid region 121 - 135 ( peptide gB + gHgL + pUL , and T and B cell immunity was assessed . 
# 21 ) ; amino acid region 127 - 141 ( peptide # 22 ) ; amino acid Indeed , trivalent formulation of these plasmids induced the 
region 163 - 171 ( peptide # 28 ) ; highest level of both T and B cell responses . Thus , these data 
HCMV - UL130 : amino acid region 13 - 27 ( peptide # 3 ) ; demonstrate that vaccine - induced CMV - specific immunity 

amino acid region 43 - 57 ( peptide # 8 ) ; 5 can be increased by immunization with multi - valent plasmid 
HCMV - UL131A : amino acid region 61 - 75 ( peptide # 11 ) ; DNA formulations . 
HCMV - gM : amino acid region 175 - 189 ( peptide # 30 ) ; 

amino acid region 295 - 309 ( peptide # 50 ) ; Example 15 a ) HSV1 Antigen and Expression in 
293T Cells HCMV - GN : amino acid region 1 - 15 ( peptide # 1 ) ; and 

HCMV - 90 : amino acid region 331 - 345 ( peptide # 56 ) ; 10 Using the same strategy as provided in Example 1 . above . 
amino acid region 337 - 351 ( peptide # 57 ) . and the above example related to HCMV , HSV1 antigens 
ELISA were selected and nucleic acid constructs were made . HSV1 To determine sera Ab titers against HCMV gB , gH or gL , antigens selected based on the foregoing are : gB , gH , GL , Nunc - Immuno MaxiSorp plates ( Nunc , Rochester , N . Y . ) gC , and gD . Furthermore , combinations as discussed herein were coated overnight at 4° C . with recombinant protein 15 n recombinant protein 15 were made , including HSV1 - gHgL and HSV1 - gCgD . 
( GenScript ) at the indicated amounts or BSA ( control ) HSV1 gB , gC , and gD were found to be expressed on the 
diluted in PBS . The next day , plates were washed with PBS , surface of transfected cells , showing effective translation , 
0 . 05 % Tween 20 ( PBS - T ) , blocked for 1 h with 10 % translocation , presentation by cell ; moreover , the combined 
BSA / PBS - T , and incubated overnight at 4° C . with serial antigens gCgD were found to co - express ( data not shown ) . 
dilutions of serum from either human patients or immunized 20 This was evidenced by MHC class I binding with the 
animals . Plates were then washed six times and bound IgG aforementioned antigens in serum ( 1 : 200 dilution ) of ani 
was detected using either goat anti - human IgG ( Southern mals immunized with the antigens , versus no antigen bind 
Biotech ) or goat - anti mouse IgG ( Santa Cruz , Santa Cruz , ing with serum from control ( vector only ) . 
Calif . ) , both at a dilution of 1 : 5 , 000 . Bound enzyme was Immuization with the same plasmids , above , was found to 
detected by SigmaFASTTM O - phenylenediamine dihydro - 25 induce robust antibodies in vivo ( data not shown ) . 
chloride ( OPD ; Sigma - Aldrich ) , and the optical density was 
determined at 450 nm on a Biotek ( Winooski , Vt . ) EL312e b ) HSV2 Antigen Expression in 293T Cells 
reader . The reciprocal endpoint titer was reported as the 10 % 
of maximum OD calculated by curve fitting using the Using the same strategy as provided in Example 1 , above , 
sigmoidal dose - response model with a variable slope in 30 and the above example related to HCMV , HSV2 antigens 
GraphPad Prism ( GraphPad Software Inc . , La Jolla , Calif . ) . were selected and nucleic acid constructs were made . HSV2 
Neutralization Assay antigens selected based on the foregoing are : gB , gH , GL , 

Serum samples were collected and pooled from each oC , and gD . Furthermore , combinations as discussed herein 
group of mice ( n = 5 ) 7 - 10 days following each of five to six were made , including HSV2 - gHgL and HSV2 - 9CgD . 
immunizations ( spaced two weeks apart ) , and then pooled 35 HSV2 GB , C , D , gH and gL were found to be expressed 
thereafter up to 1 month following the final immunization . on the surface of transfected cells , showing effective trans 
Furthermore , serum was collected 6 months following each lation , translocation , presentation by cell ; moreover , the 
of the final immunizations ( a time point considered to be combined antigens gCgD and gHgL were found to co 
clinically relevant for long - term Ab responses ) and tested express ( data not shown ) . This was evidenced by MHC class 
along with the pooled - effector sera for the capacity for 40 I binding with the aforementioned antigens in serum ( 1 : 200 
neutralization of infection with the relevant . Data confirmed dilution ) of animals immunized with the antigens , versus no 
a neutralization capacity for g? immunized animals which antigen binding with serum from control ( vector only ) . 
supports previous data demonstrating its ability to elicit 
nAbs and protect in some challenge models . However , c ) CeHV1 Antigen Expression in 293T Cells 
immunization with the novel gHgL DNA vaccine generated 45 
nAb responses that were ~ 2 - 4 - fold greater than g? immu Using the same strategy as provided in Example 1 , above , 
nization . Neutralizing antibody titers were measured using and the above example related to HCMV , CeHV1 antigens 
mouse serum from mice immunized with HCMV proteins were selected and nucleic acid constructs were made . 
and life - extended HFF ( human foreskin fibroblasts ) cells . CeHV1 antigens selected based on the foregoing are : GB , 
The data is expressed as a geometric mean of 3 values with 50 gH , gl , gC , and gD . Furthermore , combinations as dis 
95 % CI . The data are shown in FIG . 14 . cussed herein were made , including CeHV1 - gHgL and 

Interestingly , neither of these levels of neutralization CeHV1 - gCgD . 
ability was achieved by any other immunogen , including the CeHV1 GB , 3C , and gD were found to be expressed on the 
gMgN , CO , UL128 - 131A , nor the UL83 . Lastly , neutraliza - surface of transfected cells , showing effective translation , 
tion levels were relatively stable for each immunogen com - 55 translocation , presentation by cell ; moreover , the combined 
paring effector and memory serum collected 6 months antigens gCgD were found to co - express ( data not shown ) . 
following the final immunization . Thus , these data demon - This was evidenced by MHC class I binding with the 
strate that DNA vaccination in combination with EP gener - aforementioned antigens in serum ( 1 : 200 dilution ) of ani 
ated robust B cell responses . Altogether , data herein show mals immunized with the antigens , versus no antigen bind 
that the DNA plasmids were immunogenic in mice and 60 ing with serum from control ( vector only ) . 
generated robust T and B cell responses . Immuization with the same plasmids , above , was found to 

Immunity to the HCMV g? alone has been demonstrated induce robust antibodies in vivo ( data not shown ) . 
to completely protective in guinea pigs , but has limited 
efficacy in the clinic . Thus , we next set out to determine d ) VZV Antigen Expression in 293T Cells 
whether their combination with the g? DNA vaccine would 65 
enhance HCMV - specific immunity . Mice ( n = 5 / group ) were Using the same strategy as provided in Example 1 , above , 
given several doses of the g? plasmid alone , gB + gHgL , or and the above example related to HCMV , VZV antigens 
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76 
were selected and nucleic acid constructs were made . VZV HSV1 - GB , HSV1 - gH , and HSV1 - gD ; HSV1 - gB , HSV1 - gL , 
antigens selected based on the foregoing are : gB , GH , GL , and HSV1 - gC ; HSV1 - GB , HSV1 - gL , and HSV1 - gD ; HSV1 
gC , GK , GM , gN , gE , and gl . Furthermore , combinations as gB , HSV1 - 8C , and HSV1 - gD ; HSV1 - gH , HSV1 - gL , and 
discussed herein were made , including VZV - gHgL , VZV HSV1 - gC ; HSV1 - gH , HSV1 - gL , and HSV1 - gD ; HSV1 - gL , 
gM , gN , and VZV - gEgl . 5 HSV1 - 9C , and HSV1 - gD ; HSV1 - GB , HSV1 - gL , and HSV1 
VZV gB , gH , GL , gC , gK , GM , gn , gE , and gI will be gH ; HSV1 - GB , HSV1 - gC , and HSV1 - gH ; HSV1 - 3B , 

analyzed , as above , for expression on the surface of trans - HSV1 - gD , and HSV1 - gH ; HSV1 - gB , HSV1 - gc , and 
fected cells , including combined antigens gHgL , gM , gN , HSV1 - gL ; HSV1 - GB , HSV1 - gD , and HSV1 - gL ; HSV1 - gB , 
and gEgl . This will evidenced by MHC class T binding with HSV1 - gD , and HSV1 - gC ; HSV1 - gH , HSV1 - gC , and 
the aforementioned antigens in serum ( 1 : 200 dilution ) of 10 HSV1 - gL ; HSV1 - gH , HSV1 - gD , and HSV1 - gL ; HSV1 - gL , 
animals immunized with the antigens , versus no antigen HSV1 - gD , and HSV1 - gC ; HSV1 - gH , HSV1 - gL , and HSV1 
binding being detected with serum from control ( vector gB ; HSV1 - gH , HSV1 - gC , and HSV1 - gB ; HSV1 - gH , 
only ) . HSV1 - gD , and HSV1 - gB ; HSV1 - gL , HSV1 - 8C , and HSV1 

Immuization with the same plasmids , above , will likely gB ; HSV1 - gL , HSV1 - gD , and HSV1 - gB ; HSV1 - gc , HSV1 
find induction of robust antibodies in vivo ( data not shown ) . 15 gD , and HSV1 - gB ; HSV1 - gL , HSV1 - 9C , and HSV1 - gH ; 

HSV1 - gL , HSV1 - gD , and HSV1 - gH ; HSV1 - gC , HSV1 - gD , 
Example 16 Neutralizing Antibody Data and HSV1 - GL . Examples of three antigens on three plasmids 

include : HSV1 - 9B , and HSV1 - gH , and HSV1 - gL ; HSV1 
Immunization with either of the plasmids alone exhibited gB , and HSV1 - gH , and HSV1 - gC ; HSV1 - gB , and HSV1 

neutralizing activity using Vero cells : for HSV1 either 20 gH , and HSV1 - gD ; HSV1 - gB , and HSV1 - gL , and HSV1 
HSV1 - gB or HSV1 - gCgD , and for HSV2 , either HSV2 - gB gC ; HSV1 - gB , and HSV1 - gL , and HSV1 - gD ; HSV1 - GB , 
or HSV2 - gCgD . The HSV1 plasmids neutralized an HSV1 and HSV1 - gC , and HSV1 - gD ; HSV1 - gH , and HSV1 - gL , 
clinical virus HSV - 1 strain NS , and the HSV2 plasmids and HSV1 - gC ; HSV1 - gH , and HSV1 - gl , and HSV1 - gD ; 
neutralized an HSV2 clinical virus HSV2 strain MS . See HSV1 - GL , and HSV1 - 8C , and HSV1 - gD . Examples of four 
FIGS . 20a and 206 . A combination of multiple herpes virus 25 antigens on one plasmid include : HSV1 - gB , HSV1 - gH , 
family - specific plasmids , further multi - valency will likely HSV1 - gL , HSV1 - gC ; HSV1 - gB , HSV1 - GH , HSV1 - gL , 
further increase the level of neutralization of such herpes HSV1 - gD ; HSV1 - gB , HSV1 - gL , HSV1 - 9C , HSV1 - gD ; 
virus . HSV1 - gH , HSV1 - gL , HSV1 - 8C , HSV1 - gD ; HSV1 - gB , 

HSV1 - gH , HSV1 - 9C , HSV1 - gD . Examples of four antigens 
Example 17 HSV1 30 on two plasmids include : HSV1 - GB , and HSV1 - gH , HSV1 

gL , HSV1 - gC ; HSV1 - gB , and HSV1 - gH , HSV1 - gL , HSV1 
Permutations of the five listed HSV1 antigens in combi - gD ; HSV1 - gB , and HSV1 - gL , HSV1 - 9C , HSV1 - gD ; HSV1 

nations of 2 , 3 4 and 5 may include the following . Two gH , and HSV1 - gL , HSV1 - gC , HSV1 - gD ; HSV1 - gB , and 
antigens : HSV1 - gB , HSV1 - gH ; HSV1 - gB , HSV1 - gL ; HSV1 - gH , HSV1 - gC , HSV1 - gD ; HSV1 - gB , HSV1 - gH , and 
HSV1 - 9B , HSV1 - 9C ; HSV1 - GB , HSV1 - gD ; HSV1 - gH , 35 HSV1 - gL , HSV1 - gC ; HSV1 - gB , HSV1 - gH , and HSV1 - gL , 
HSV1 - gL ; HSV1 - gH , HSV1 - gC ; HSV1 - gH , HSV1 - gD ; HSV1 - gD ; HSV1 - gB , HSV1 - gl , and HSV1 - gC , HSV1 - gD ; 
HSV1 - gL , HSV1 - gC ; and HSV1 - gL , HSV1 - gD . Three anti - HSV1 - gH , HSV1 - gL , and HSV1 - 8C , HSV1 - gD ; HSV1 - GB , 
gens : HSV1 - gB , HSV1 - GH , HSV1 - gL ; HSV1 - GB , HSV1 - HSV1 - gH , and HSV1 - 8C , HSV1 - gD ; HSV1 - GB , HSV1 - GH , 
gH , HSV1 - gC ; HSV1 - GB , HSV1 - gH , HSV1 - gD ; HSV1 - GB , HSV1 - gL , and HSV1 - gC ; HSV1 - GB , HSV1 - gH , HSV1 - gL , 
HSV1 - gL , HSV1 - 9C ; HSV1 - CB , HSV1 - gL , HSV1 - gD ; 40 and HSV1 - gD ; HSV1 - gB , HSV1 - GL , HSV1 - gC , and HSV1 
HSV1 - gB , HSV1 - gC , HSV1 - gD ; HSV1 - gH , HSV1 - gL , gD ; HSV1 - gH , HSV1 - gL , HSV1 - gC , and HSV1 - gD ; 
HSV1 - gC ; HSV1 - GH , HSV1 - gL , HSV1 - gD ; and HSV1 - gL , HSV1 - gB , HSV1 - gH , HSV1 - gC , and HSV1 - gD ; HSV1 - GH , 
HSV1 - 9C , HSV1 - gD . Four antigens : HSV1 - gB , HSV1 - gH , and HSV1 - GB , HSV1 - gL , HSV1 - gC ; HSV1 - gH , and HSV1 
HSV1 - gL , HSV1 - gC ; HSV1 - CB , HSV1 - gH , HSV1 - gL , B , HSV1 - gL , HSV1 - gD ; HSV1 - CL , and HSV1 - gB , HSV1 
HSV1 - gD ; HSV1 - gB , HSV1 - gL , HSV1 - gC , HSV1 - gD ; 45 gC , HSV1 - gD ; HSV1 - GL , and HSV1 - GH , HSV1 - gC , HSV1 
HSV1 - gH , HSV1 - gL , HSV1 - gC , HSV1 - gD ; and HSV1 - gB , gD ; HSV1 - gH , and HSV1 - gB , HSV1 - gC , HSV1 - gD ; 
HSV1 - gH , HSV1 - 9C , HSV1 - gD . Five antigens : HSV1 - gB , HSV1 - CH , HSV1 - gB , HSV1 - gL , and HSV1 - 9C ; HSV1 - gH , 
HSV1 - gH , HSV1 - gL , HSV1 - gC , HSV1 - gD . HSV1 - gB , HSV1 - gL , and HSV1 - gD ; HSV1 - gL , HSV1 - GB , 

The permutations may be present on multiple plasmids . HSV1 - gC , and HSV1 - gD ; HSV1 - gL , HSV1 - gH , HSV1 - gC , 
Examples of two antigens on one plasmid include : HSV1 - 50 and HSV1 - gD ; HSV1 - gH , HSV1 - gB , HSV1 - gC , and 
gB , HSV1 - gH ; HSV1 - gB , HSV1 - gL ; HSV1 - GB , HSV1 - gC ; HSV1 - gD ; HSV1 - gL , and HSV1 - GB , HSV1 - gH , HSV1 - gC ; 
HSV1 - gB , HSV1 - gD ; HSV1 - GH , HSV1 - gL ; HSV1 - gH HSV1 - gL , and HSV1 - GB , HSV1 - GH , HSV1 - gD ; HSV1 - 8C , 
HSV1 - gC ; HSV1 - gH , HSV1 - gD ; HSV1 - gL , HSV1 - gc , and HSV1 - GB , HSV1 - gL , HSV1 - gD ; HSV1 - gC , and HSV1 
HSV1 - gL , HSV1 - gD . Examples of two antigens on two gH , HSV1 - gL , HSV1 - gD ; HSV1 - gC , and HSV1 - GB , HSV1 
plasmids include : HSV1 - gB , and HSV1 - gH ; HSV1 - gB , and 55 gH , HSV1 - gD ; HSV1 - gL , HSV1 - gB , and HSV1 - gH , 
HSV1 - gL ; HSV1 - gB , and HSV1 - gC ; HSV1 - 3B , and HSV1 HSV1 - gC ; HSV1 - gL , HSV1 - gB , and HSV1 - gH , HSV1 - gD ; 
gD ; HSV1 - gH , and HSV1 - gL ; HSV1 - gH , and HSV1 - gC ; HSV1 - 8C , HSV1 - GB , and HSV1 - gL , HSV1 - gD ; HSV1 - 8C , 
HSV1 - gH , and HSV1 - gD ; HSV1 - gL , and HSV1 - gC ; and HSV1 - gH , and HSV1 - gL , HSV1 - gD ; HSV1 - gC , HSV1 - gB , 
HSV1 - gL , and HSV1 - gD . Examples of three antigens on and HSV1 - gH , HSV1 - gD ; Examples of four antigens on 
one plasmid include : HSV1 - GB , HSV1 - gH , HSV1 - gL ; 60 three plasmids include : HSV1 - GB , and HSV1 - gH , and 
HSV1 - gB , HSV1 - gH , HSV1 - gC ; HSV1 - gB , HSV1 - gH , HSV1 - gL , HSV1 - gC ; HSV1 - GB , and HSV1 - gH , and HSV1 
HSV1 - gD ; HSV1 - CB , HSV1 - GL , HSV1 - gC ; HSV1 - gB , gL , HSV1 - gD ; HSV1 - gB , and HSV1 - CL , and HSV1 - 9C , 
HSV1 - gL , HSV1 - gD ; HSV1 - 9B , HSV1 - 9C , HSV1 - gD ; HSV1 - gD ; HSV1 - gH , and HSV1 - gL , and HSV1 - 9C , HSV1 
HSV1 - gH , HSV1 - gL , HSV1 - gC ; HSV1 - gH , HSV1 - 3L , 3D ; HSV1 - CB , and HSV1 - gH , and HSV1 - gC , HSV1 - gD ; 
HSV1 - gD ; HSV1 - gL , HSV1 - gC , HSV1 - gD . Examples of 65 HSV1 - GB , and HSV1 - gH , HSV1 - gL , and HSV1 - gC , HSV1 
three antigens on two plasmids include : HSV1 - gB , HSV1 - gB , and HSV1 - gH , HSV1 - gL , and HSV1 - gD , HSV1 - gB , 
gH , and HSV1 - gL ; HSV1 - gB , HSV1 - gH , and HSV1 - gC ; and HSV1 - gL , HSV1 - 8C , and HSV1 - gD ; HSV1 - GH , and 
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HSV1 - gL , HSV1 - gC , and HSV1 - CD , HSV1 - gB , and HSV1 - gB ; HSV2 - gL , HSV2 - gD , and HSV2 - gB ; HSV2 - gC , HSV2 
gH , HSV1 - gC , and HSV1 - gD , HSV1 - gB HSV1 - gC , and gD , and HSV2 - gB ; HSV2 - gL , HSV2 - 9C , and HSV2 - gH ; 
HSV1 - gH , and HSV1 - gL ; HSV1 - gB , HSV1 - gD , and HSV1 HSV2 - gL , HSV2 - gD , and HSV2 - gH ; HSV2 - gC , HSV2 - gD , 
gH . and HSV1 - 9L : HSV1 - gB HSV1 - gD . and HSV1 - gL . and and HSV2 - gL . Examples of three antigens on three plasmids 
HSV1 - OC : HSV1 - gH HSV1 - 9D . and HSV1 - gL . and HSV1 - 5 include : HSV2 - gB , and HSV2 - gH , and HSV2 - gL ; HSV2 
gC ; HSV1 - gB HSV1 - gD , and HSV1 - gH , and HSV1 - gC . gB , and HSV2 - gH , and HSV2 - gC ; HSV2 - 3B , and HSV2 
Examples of four antigens on four plasmids include : HSV1 gH , and HSV2 - gD ; HSV2 - GB , and HSV2 - gL , and HSV2 

gC ; HSV2 - 3B , and HSV2 - gL , and HSV2 - gD ; HSV2 - gB , GB , HSV1 - gH , HSV1 - gL , HSV1 - gC . Examples of four and HSV2 - gC , and HSV2 - gD ; HSV2 - gH , and HSV2 - gL , antigens on five plasmids include : HSV1 - gB , HSV1 - gH and HSV2 - gC ; HSV2 - gH , and HSV2 - gL , and HSV2 - gD ; HSV1 - gL , HSV1 - gC , HSV1 - gD . Experiments detecting 10 HSV2 - gL , and HSV2 - 8C , and HSV2 - gD . Examples of four localization and intracellular antigen transport showed that antigens on one plasmid include : HSV2 - 3B , HSV2 - gH , as in the case of HCMV , the co - expression of gH and gL in HSV2 - gL , HSV2 - gC ; HSV2 - 3B , HSV2 - gH , HSV2 - gL , 
a cell resulted in a transport to the cell surface which does HSV2 - 9D ; HSV2 - 9B , HSV2 - gL , HSV2 - 9C , HSV2 - gD ; 
not occur when either protein is expressed in the absence of HSV2 - gH , HSV2 - gL , HSV2 - gC , HSV2 - gD ; HSV2 - 3B , 
the other . 15 HSV2 - gH , HSV2 - 9C , HSV2 - gD . Examples of four antigens 

on two plasmids include : HSV2 - gB , and HSV2 - gH , HSV2 Example 18 HSV2 gL , HSV2 - gC ; HSV2 - gB , and HSV2 - gH , HSV2 - gL , HSV2 
gD ; HSV2 - gB , and HSV2 - gL , HSV2 - gC , HSV2 - gD ; HSV2 

Permutations of the five listed HSV2 antigens in combi gH , and HSV2 - gL , HSV2 - 8C , HSV2 - gD ; HSV2 - gB , and 
nations of 2 , 3 4 and 5 may include the following . Two 20 HSV2 - gH , HSV2 - 8C , HSV2 - gD ; HSV2 - 9B , HSV2 - gH , and 
antigens : HSV2 - gB , HSV2 - gH ; HSV2 - gB , HSV2 - gL ; HSV2 - gL , HSV2 - gC ; 
HSV2 - GB , HSV2 - gC ; HSV2 - gB , HSV2 - gD ; HSV2 - gH , HSV2 - gB , HSV2 - gH , and HSV2 - gL , HSV2 - gD ; HSV2 
HSV2 - gL ; HSV2 - gH , HSV2 - gC ; HSV2 - gH , HSV2 - gD ; gB , HSV2 - gL , and HSV2 - gC , HSV2 - gD ; HSV2 - gH , HSV2 
HSV2 - gL , HSV2 - gC ; and HSV2 - gL , HSV2 - gD . Three anti - gL , and HSV2 - gC , HSV2 - gD ; HSV2 - gB , HSV2 - gH , and 
gens : HSV2 - 9B , HSV2 - gH , HSV2 - gL ; HSV2 - 9B , HSV2 - 25 HSV2 - gC , HSV2 - gD ; HSV2 - gB , HSV2 - gH , HSV2 - gL , and 
gH , HSV2 - gC ; HSV2 - GB , HSV2 - gH , HSV2 - gD ; HSV2 - GB , HSV2 - gC ; HSV2 - GB , HSV2 - gH , HSV2 - gL , and HSV2 - gD ; 
HSV2 - gL , HSV2 - gC ; HSV2 - gB , HSV2 - gL , HSV2 - gD ; HSV2 - 3B , HSV2 - gL , HSV2 - gC , and HSV2 - gD ; HSV2 - gH , 
HSV2 - gB , HSV2 - gC , HSV2 - gD ; HSV2 - gH , HSV2 - gL , HSV2 - gL , HSV2 - gC , and HSV2 - gD ; HSV2 - gB , HSV2 - gH , 
HSV2 - gC ; HSV2 - gH , HSV2 - gL , HSV2 - gD ; and HSV2 - gL , HSV2 - gC , and HSV2 - gD ; HSV2 - gH , and HSV2 - gB , 
HSV2 - 3C , HSV2 - gD . Four antigens : HSV2 - GB , HSV2 - gH , 30 HSV2 - gL , HSV2 - gC ; HSV2 - gH , and HSV2 - GB , HSV2 - gL , HSV2 - gD ; HSV2 - gL , and HSV2 - GB , HSV2 - 9C , HSV2 - gD ; HSV2 - gL , HSV2 - gC ; HSV2 - 3B , HSV2 - gH , HSV2 - gL , HSV2 - gL , and HSV2 - gH , HSV2 - 8C , HSV2 - gD ; HSV2 - gH , HSV2 - gD ; HSV2 - gB , HSV2 - gL , HSV2 - gC , HSV2 - gD ; and HSV2 - gB , HSV2 - gC , HSV2 - gD ; HSV2 - gH , HSV2 - 3B , HSV2 - gH , HSV2 - gL , HSV2 - gC , HSV2 - gD ; and HSV2 - 3B , HSV2 - gL , and HSV2 - gC ; HSV2 - gH , HSV2 - gB , HSV2 - gL , HSV2 - gH , HSV2 - 9C , HSV2 - gD . Five antigens : HSV2 - GB , and HSV2 - gD ; HSV2 - gL , HSV2 - gB , HSV2 - gC , and HSV2 
HSV2 - gH , HSV2 - gL , HSV2 - gC , HSV2 - gD . 35 gD ; HSV2 - gL , HSV2 - gH , HSV2 - gC , and HSV2 - gD ; 

The permutations may be present on multiple plasmids . HSV2 - gH , HSV2 - gB , HSV2 - gC , and HSV2 - gD ; HSV2 - gL , 
Examples of two antigens on one plasmid include : HSV2 and HSV2 - gB , HSV2 - gH , HSV2 - gC ; HSV2 - gL , and HSV2 
gB , HSV2 - gH ; HSV2 - gB , HSV2 - gL ; HSV2 - gB , HSV2 - gC ; gB , HSV2 - gH , HSV2 - gD ; HSV2 - gC , and HSV2 - gB , 
HSV2 - GB , HSV2 - gD ; HSV2 - gH , HSV2 - gL ; HSV2 - gH , HSV2 - gL , HSV2 - gD ; HSV2 - gC , and HSV2 - gH , HSV2 - gL , 
HSV2 - 9C ; HSV2 - gH , HSV2 - gD ; HSV2 - gL , HSV2 - 9C , 40 HSV2 - gD ; HSV2 - gC , and HSV2 - 3B , HSV2 - gH , HSV2 - gD ; 
HSV2 - gL , HSV2 - gD . Examples of two antigens on two HSV2 - GL , HSV2 - gB , and HSV2 - gH , HSV2 - gC ; HSV2 - GL , 
plasmids include : HSV2 - 3B , and HSV2 - gH ; HSV2 - gB , and HSV2 - gB , and HSV2 - gH , HSV2 - gD ; HSV2 - gC , HSV2 - gB , 
HSV2 - gL ; HSV2 - gB , and HSV2 - gC ; HSV2 - gB , and HSV2 and HSV2 - gL , HSV2 - gD ; HSV2 - 8C , HSV2 - gH , and HSV2 
gD ; HSV2 - gH , and HSV2 - gL ; HSV2 - gH , and HSV2 - gC ; gL , HSV2 - gD ; HSV2 - gC , HSV2 - gB , and HSV2 - gH , HSV2 
HSV2 - gH . and HSV2 - g ) : HSV2 - g . . and HSV2 - 9C : and 45 gD ; Examples of four antigens on three plasmids include : 
HSV2 - gL , and HSV2 - gD . Examples of three antigens on HSV2 - gB , and HSV2 - gH , and HSV2 - gL , HSV2 - gC ; HSV2 
one plasmid include : HSV2 - gB , HSV2 - gH , HSV2 - gL ; gB , and HSV2 - gH , and HSV2 - gL , HSV2 - gD ; HSV2 - GB , 
HSV2 - GB , HSV2 - H , HSV2 - gC ; HSV2 - GB , HSV2 - gH , and HSV2 - gL , and HSV2 - gC , HSV2 - gD ; HSV2 - gH , and 

HSV2 - gL , and HSV2 - 3C , HSV2 - gD ; HSV2 - 3B , and HSV2 HSV2 - gD ; HSV2 - GB , HSV2 - gL , HSV2 - gC ; HSV2 - gB , gH , and HSV2 - gC , HSV2 - gD ; HSV2 - GB , and HSV2 - gH , HSV2 - gL , HSV2 - gD ; HSV2 - gB , HSV2 - gC , HSV2 - gD ; 50 HSV2 - gL , and HSV2 - gC , HSV2 - GB , and HSV2 - gH , HSV2 HSV2 - gH , HSV2 - gL , HSV2 - gC ; HSV2 - gH , HSV2 - gL , gL , and HSV2 - gD , HSV2 - 3B , and HSV2 - gL , HSV2 - gC , 
HSV2 - gD ; HSV2 - gL , HSV2 - gC , HSV2 - gD . Examples of and HSV2 - 9D : HSV2 - gH . and HSV2 - gL . HSV2 - 9C . and 
three antigens on two plasmids include : HSV2 - gB , HSV2 - HSV2 - gD . HSV2 - gB . and HSV2 - gH , HSV2 - 9C , and 
gH , and HSV2 - gL ; HSV2 - gB , HSV2 - gH , and HSV2 - gC ; HSV2 - 9D , HSV2 - GB HSV2 - 9C , and HSV2 - gH , and HSV2 
HSV2 - gB , HSV2 - gH , and HSV2 - gD ; HSV2 - gB , HSV2 - gL , 55 gL ; HSV2 - 3B , HSV2 - gD , and HSV2 - gH , and HSV2 - gL ; 
and HSV2 - gC ; HSV2 - gB , HSV2 - 5L , and HSV2 - gD ; HSV2 HSV2 - GB HSV2 - gD , and HSV2 - gL , and HSV2 - gC ; HSV2 
GB , HSV2 - gC , and HSV2 - gD ; HSV2 - gH , HSV2 - gL , and gH HSV2 - gD , and HSV2 - gL , and HSV2 - gC ; HSV2 - gB 
HSV2 - gC ; HSV2 - gH , HSV2 - gL , and HSV2 - gD ; HSV2 - gL , HSV2 - gD , and HSV2 - gH , and HSV2 - gC . Examples of four 
HSV2 - 8C , and HSV2 - gD ; HSV2 - gB , HSV2 - gL , and HSV2 antigens on four plasmids include : HSV2 - GB , HSV2 - gH , 
gH ; HSV2 - 3B , HSV2 - gC , and HSV2 - gH ; HSV2 - gB , 60 HSV2 - 3L , HSV2 - gC . Examples of four antigens on five 
HSV2 - 3D , and HSV2 - gH ; HSV2 - gB , HSV2 - gc , and plasmids include : HSV2 - 3B , HSV2 - gH , HSV2 - gL , HSV2 
HSV2 - gL ; HSV2 - GB , HSV2 - gD , and HSV2 - gL ; HSV2 - 3B , gC , HSV2 - gD . 
HSV2 - gD , and HSV2 - gC ; HSV2 - gH , HSV2 - gC , and 
HSV2 - gL ; HSV2 - gH , HSV2 - gD , and HSV2 - gL ; HSV2 - gL , Example 19 VZV 
HSV2 - gD , and HSV2 - gC ; HSV2 - gH , HSV2 - gL , and HSV2 - 65 
GB ; HSV2 - gH , HSV2 - gC , and HSV2 - gB ; HSV2 - gH , Permutations of the five listed VZV antigens in combi 
HSV2 - gD , and HSV2 - GB ; HSV2 - gL , HSV2 - gC , and HSV2 - nations of 2 , 3 4 and 5 may include the following . Two 
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80 
antigens : VZV - gB , VZV - gH ; VZV - gB , VZV - gL ; VZV - GB , VZV - gM ; VZV - gH , and VZV - gL , and VZV - gN ; VZV - gL , 
VZV - gM ; VZV - gB , VZV - gN ; VZV - gH , VZV - gL ; VZV - gH , and VZV - OM , and VZV - gN . Examples of four antigens on 
VZV - gM ; VZV - gH , VZV - gN ; VZV - gL , VZV - gM ; and VZV one plasmid include : VZV - gB , VZV - gH , VZV - gL , VZV 
gL , VZV - gN . Three antigens : VZV - gB , VZV - gH , VZV - gL ; gM ; VZV - GB , VZV - gH , VZV - gL , VZV - gN ; VZV - gB , VZV 
VZV - GB , VZV - gH , VZV - gM ; VZV - GB , VZV - gH , VZV - gN ; 5 gL , VZV - OM , VZV - gN ; VZV - gH , VZV - gL , VZV - OM , VZV 
VZV - GB , VZV - GL , VZV - gM ; VZV - GB , VZV - gL , VZV - gN ; gN ; VZV - GB , VZV - gH , VZV - gM , VZV - gN . Examples of 
VZV - gB , VZV - gM , VZV - gN ; VZV - gH , VZV - GL , VZV - gM ; four antigens on two plasmids include : VZV - gB , and VZV 
VZV - gH , VZV - gL , VZV - gN ; and VZV - GL , VZV - OM , VZV gH , VZV - gL , VZV - gM ; VZV - gB , and VZV - gH , VZV - gL , 
gN . Four antigens : VZV - GB , VZV - GH , VZV - gL , VZV - gM ; VZV - gN ; VZV - GB , and VZV - gL , VZV - OM , VZV - gN ; VZV 
VZV - GB , VZV - gH , VZV - gL , VZV - gN ; VZV - GB , VZV - gL , 10 gH , and VZV - gL , VZV - GM , VZV - gN ; VZV - GB , and VZV 
VZV - OM , VZV - gN ; VZV - gH , VZV - gL , VZV - OM , VZV - gN ; gH , VZV - gM , VZV - gN ; VZV - gB , VZV - gH , and VZV - gL , 
and VZV - GB , VZV - gH , VZV - gM , VZV - gN . Five antigens : VZV - gM ; VZV - gB , VZV - gH , and VZV - gL , VZV - gN ; VZV 
VZV - gB , VZV - GH , VZV - gL , VZV - gM , VZV - gN . gB , VZV - gL , and VZV - OM , VZV - gN ; VZV - gH , VZV - gL , 

The permutations may be present on multiple plasmids . and VZV - GM , VZV - gN ; VZV - GB , VZV - gH , and VZV - gM , 
Examples of two antigens on one plasmid include : VZV - gB , 15 VZV - gN ; VZV - GB , VZV - gH , VZV - gL , and VZV - gM ; VZV 
VZV - gH ; VZV - GB , VZV - gL ; VZV - GB , VZV - gM ; VZV - GB , GB , VZV - gH , VZV - gL , and VZV - gN ; VZV - GB , VZV - gL , 
VZV - gN ; VZV - gH , VZV - gL ; VZV - gH , VZV - gM ; VZV - gH , VZV - gM , and VZV - gN ; VZV - gH , VZV - gL , VZV - GM , and 
VZV - gN ; VZV - gL , VZV - OM , VZV - gL , VZV - gN . Examples VZV - gN ; VZV - gB , VZV - gH , VZV - gM , and VZV - gN ; VZV 
of two antigens on two plasmids include : VZV - gB , and gH , and VZV - gB , VZV - gL , VZV - gM ; VZV - gH , and VZV 
VZV - gH ; VZV - GB , and VZV - gL ; VZV - gB , and VZV - gM ; 20 gB , VZV - gL , VZV - gN ; VZV - gL , and VZV - GB , VZV - OM , 
VZV - GB , and VZV - gN ; VZV - GH , and VZV - gL ; VZV - gH , VZV - gN ; VZV - gL , and VZV - gH , VZV - GM , VZV - gN ; VZV 
and VZV - gM ; VZV - gH , and VZV - gN ; VZV - gL , and VZV - gH , and VZV - gB , VZV - OM , VZV - gN ; VZV - gH , VZV - GB , 
gM ; and VZV - gL , and VZV - gN . Examples of three antigens VZV - gL , and VZV - gM ; VZV - gH , VZV - gB , VZV - gL , and 
on one plasmid include : VZV - gB , VZV - gH , VZV - gL ; VZV . VZV - gN ; VZV - gL , VZV - GB , VZV - GM , and VZV - gN ; VZV 
gB , VZV - gH , VZV - gM ; VZV - GB , VZV - gH , VZV - gN ; VZV - 25 gL , VZV - gH , VZV - gM , and VZV - gN ; VZV - gH , VZV - gB , 
GB , VZV - gL , VZV - gM ; VZV - GB , VZV - gL , VZV - gN ; VZV - VZV - gM , and VZV - gN ; VZV - gL , and VZV - GB , VZV - gH , 
gB , VZV - gM , VZV - gN ; VZV - gH , VZV - GL , VZV - gM ; VZV . VZV - gM ; VZV - gL , and VZV - GB , VZV - gH , VZV - gN ; VZV 
gH , VZV - gL , VZV - gN ; VZV - gL , VZV - gM , VZV - gN . GM , and VZV - GB , VZV - gL , VZV - gN ; VZV - gM , and VZV 
Examples of three antigens on two plasmids include : VZV gH , VZV - gL , VZV - gN ; VZV - gM , and VZV - GB , VZV - gH , 
GB , VZV - gH , and VZV - gL ; VZV - GB , VZV - gH , and VZV - 30 VZV - gN ; VZV - gL , VZV - gB , and VZV - gH , VZV - gM ; VZV 
gM ; VZV - gB , VZV - gH , and VZV - gN ; VZV - GB , VZV - gL , GL , VZV - gB , and VZV - gH , VZV - gN ; VZV - gM , VZV - GB , 
and VZV - gM ; VZV - GB , VZV - gl , and VZV - gN ; VZV - gB , and VZV - gL , VZV - gN ; VZV - OM , VZV - gH , and VZV - gL , 
VZV - GM , and VZV - gN ; VZV - gH , VZV - gL , and VZV - gM ; VZV - gN ; VZV - gM , VZV - GB , and VZV - gH , VZV - gN ; 
VZV - gH , VZV - gL , and VZV - gN ; VZV - gL , VZV - gM , and Examples of four antigens on three plasmids include : VZV 
VZV - gN ; VZV - GB , VZV - gl , and VZV - gH ; VZV - GB , VZV - 35 gB , and VZV - gH , and VZV - gL , VZV - gM ; VZV - gB , and 
GM , and VZV - gH ; VZV - GB , VZV - gN , and VZV - gH ; VZV - VZV - gH , and VZV - GL , VZV - gN ; VZV - gB , and VZV - gL , 
gB , VZV - gM , and VZV - gL ; VZV - gB , VZV - gN , and VZV - and VZV - OM , VZV - gN ; VZV - gH , and VZV - gL , and VZV 
gL ; VZV - gB , VZV - gN , and VZV - gM ; VZV - gH , VZV - gM , GM , VZV - gN ; VZV - gB , and VZV - gH , and VZV - OM , VZV 
and VZV - gL ; VZV - gH , VZV - gN , and VZV - gL ; VZV - gL , gN ; VZV - GB , and VZV - gH , VZV - gL , and VZV - GM , VZV 
VZV - gN , and VZV - gM ; VZV - gH , VZV - gL , and VZV - GB ; 40 gB , and VZV - gH , VZV - gL , and VZV - gN , VZV - GB , and 
VZV - gH , VZV - GM , and VZV - GB ; VZV - gH , VZV - gN , and VZV - gL , VZV - GM , and VZV - gN ; VZV - gH , and VZV - gL , 
VZV - gB ; VZV - GL , VZV - OM , and VZV - gB ; VZV - GL , VZV - VZV - gM , and VZV - gN , VZV - gB , and VZV - gH , VZV - gM , 
gN , and VZV - GB ; VZV - GM , VZV - gN , and VZV - GB ; VZV - and VZV - gN , VZV - gB VZV - GM , and VZV - gH , and VZV 
gL , VZV - gM , and VZV - gH ; VZV - gL , VZV - gN , and VZV - gL ; VZV - GB , VZV - gN , and VZV - gH , and VZV - gL ; VZV - gB 
gH ; VZV - gM , VZV - gN , and VZV - gL . Examples of three 45 VZV - gN , and VZV - gL , and VZV - gM ; VZV - gH VZV - gN , 
antigens on three plasmids include : VZV - gB , and VZV - gH , and VZV - gl , and VZV - gM ; VZV - gB VZV - gN , and VZV 
and VZV - gL ; VZV - gB , and VZV - gH , and VZV - gM ; VZV gH , and VZV - gM . Examples of four antigens on four 
gB , and VZV - GH , and VZV - gN ; VZV - gB , and VZV - gL , and plasmids include : VZV - GB , VZV - gH , VZV - gL , VZV - gM . 
VZV - gM ; VZV - gB , and VZV - gL , and VZV - gN ; VZV - gB , Examples of four antigens on five plasmids include : VZV 
and VZV - gM , and VZV - gN ; VZV - gH , and VZV - gL , and GB , VZV - gH , VZV - gL , VZV - gM , VZV - gN . 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 114 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 2724 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : B consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 
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- continued 
< 400 > SEQUENCE : 1 

nnngagagca gaatctggtg cctggtcgtg tgcgtgaacc tgtgcatcgt gtgcctggga 60 
gccgccgtgt ccagcagcag cacccggggc acaagcgcca cacacagcca ccacagcago 120 

cacaccacca gcgccgccca cagccggagc ggaagcgtga gcagccagcg ggtgaccagc 180 

agcgaggccg tgtcccaccg ggccaacgag acaatctaca acaccaccct gaagtacggc 240 

gacgtcgtgg gagtgaacac caccaagtac ccctacagag tgtgcagcat ggcccagggc 300 

accgacctga tcagattega gcggaacatc gtgtgtacca gcatgaagcc catcaacgag 360 

gacctggacg agggcatcat ggtggtgtac aagagaaaca tcgtggccca caccttcaaa 420 

gtgcgggtgt accagaaggt gctgaccttc cggcggagct acgcctacat ccacaccacc 480 

tacctgctgg gcagcaacac cgagtacgtg gcccctccca tgtgggagat ccaccacatc 540 

aacagccaca gccagtgcta cagcagctac agccgcgtga tcgccggcac cgtgttcgtg 600 

gcctaccacc gggacagcta cgagaacaag accatgcagc tgatgcccga cgactacagc 660 
aacacccaca gcaccagata cgtgaccgtg aaggaccagt ggcacagccg gggaagcacc 720 

tggctgtaca gagagacatg caacctgaac tgcatggtca ccatcaccac cgccagaagc 780 
aagtaccctt accacttctt cgccaccagc accggcgacg tggtggacat cagccccttc 840 
tacaacggca ccaaccggaa cgccagctac ttcggcgaga acgccgacaa gttcttcatc 900 

ttccccaact acaccatcgt gtccgacttc ggcagaccca acagcgcccc tgagacacac 960 
cggctggtgg cctttctgga acgggccgac agcgtgatca gctgggacat ccaggacgag 1020 
aagaacgtga cctgccagct gaccttctgg gaggctagcg agcggaccat cagaagcgag 1080 
gccgaggaca gctaccactt cagcagcgcc aagatgaccg ccaccttcct gagcaagaaa 1140 

caggaagtga acatgagcga cagcgccctg gactgcgtgc gggatgaggc catcaacaag 1200 

ctgcagcaga tcttcaacac cagctacaac cagacctacg agaagtatgg caacgtgtcc 1260 
gtgttcgaga caacaggcgg cctggtggtg ttctggcagg gcatcaagca gaagtccctg 1320 
gtcgagctgg aacggctggc caacagaagc agcctgaacc tgacccaccg gaccaagcgg 1380 
agcaccgacg gcaacaatac cacccacctg agcaacatgg aaagcgtcca caacctggtg 1440 

1500 tacgcccagc tgcagttcac ctacgacacc ctgcggggct acatcaaccg ggccctggcc 
cagatcgccg aggcttggtg tgtggaccag cggcggaccc tggaagtgtt caaagagctg 1560 
agcaagatca accccagcgc catcctgagc gccatctaca acaagcctat cgccgccaga 1620 

ttcatgggcg acgtgctggg cctggccagc tgcgtgacca tcaaccagac cagcgtgaag 1680 
gtgctgcggg acatgaacgt gaaagaaagc cccggcagat gctactccag acccgtggtc 1740 
atcttcaact tcgccaacag ctcctacgtg cagtacggcc agctgggcga ggacaacgag 1800 
atcctgctgg gaaaccaccg gaccgaggaa toccagctgc ccagcctgaa gatctttatc 1860 

gccggcaaca gcgcctacga gtatgtggac tacctgttca agcggatgat cgacctgagc 1920 

agcatcagca ccgtggacag catgatcgcc ctggacatcg accccctgga aaacaccgac 1980 
ttccgggtgc tggaactgta cagccagaaa gagctgcgga gcagcaacgt gttcgacctg 2040 
gaagagatca tgcgcgagtt caacagctac aagcagcgcg tgaaatacgt cgaggacaag 2100 
gtggtggacc ccctgccccc ctacctgaag ggcctggacg acctgatgag cggcctggga 2160 
gctgctggca aggccgtggg agtggccatt ggagctgtgg goggagccgt ggccagcgtg 2220 
gtggaaggcg tggccacctt totgaagaac cccttcggcg cottcaccat catcctggtg 2280 
gctatcgccg tcgtgatcat cacctacctg atctacaccc ggcagcggcg gctgtgtacc 2340 
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- continued 

cagcctctgc agaacctgtt cccctacctg gtgtccgccg acggcaccac cgtgacaagc 2400 
ggctccacca aggacaccag cctgcaggcc ccacccagct acgaggaatc cgtgtacaac 2460 

agcggccgga agggcccagg ccctcctagc tctgacgcct ctacagccgc cccaccctac | 2520 

accaacgagc aggcctacca gatgctgctg gccctggcta gactggacgc cgagcagaga 2580 
gcccagcaga acggaaccga cagcctggat ggccagaccg gcacccagga caagggccag | 2640 
aagcccaacc tgctggaccg gctgcggcac agaaagaacg gctaccggca cctgaaggac 2700 
agcgacgaag aggaaaacgt gtga 2724 

A 

A 

A 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 907 

TYPE : PRT 
ORGANISM : Artificial Sequence 
FEATURE : 

< 223 > OTHER INFORMATION : OB consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 2 

Xaa Glu Ser Arg Ile Trp Cys Leu Val Val Cys Val Asn Leu Cys Ile 
15 

Val Cys Leu Gly Ala Ala Val Ser Ser Ser Ser Thr Arg Gly Thr Ser 
30 

Ala Thr His Ser His His Ser Ser His ThrThr Ser Ala Ala His Ser ? 

Arg Ser Gly Ser Val Ser Ser Gin Arg Val Thr Ser Ser Glu Ala Val 
55 

Ser His Arg Ala Asn Glu Thr Ile Tyr Asn Thr Thr Leu Lys Tyr Gly 
70 

? 

Asp Val Val Gly Val Asn Thr Thr Lys Tyr Pro Tyr Arg Val Cys Ser 
95 

G 

3 8 

2 ? 

8 ? . E 3? 8? 
? J Age 
? 3 13 

Met Ala Gln Gly Thr Asp Leu Ile Arq Phe Glu Ara Asn Ile Val Cys 
110 

Thr Ser Met Lys Pro Ile Asn Glu Asp Leu Asp Glu Gly Ile Met Val mmmmmmm Val Tyr Lys Arg Asn Ile Val Ala His Thr Phe Lys Val Arg Val Tyr 
135 

m 

mmmm mm Gin Lys Val Leu Thr Phe Arg Arg Ser Tyr Ala Tyr Ile His Thr Thr 
150 

Tyr Leu Leu Gly Ser Asn Thr Glu Tyr Val Ala Pro Pro Met Trp Glu 
175 mmmmm mmm Ile His His Ile Asn Ser His Ser Gln Cys Tyr Ser Ser Tyr Ser Arg 

190 

Val Ile Ala Gly Thr Val Phe Val Ala Tyr His Arg Asp Ser Tyr Glu 

& Asn Lys Thr Met Gln Leu Met Pro Asp Asp Tyr Ser Asn Thr His Ser 
215 

Thr Arg Tyr Val Thr Val Lys Asp Gin Trp His Ser Arg Gly Ser Thr 
230 

Trp Leu Tyr Arg Glu Thr Cys Asn Leu Asn cys Met Val Thr Ile Thr 
255 

Thr Ala Arg Ser Lys Tyr Pro Tyr His Phe Phe Ala Thr Ser Thr Gly 
270 ? 
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Asp Val Val Asp Ile Ser Pro Phe Tyr Asn Gly Thr Asn Arg Asn Ala 
280 285 

Ser Tyr Phe Gly Glu Asn Ala Asp Lys Phe Phe Ile Phe Pro Asn Tyr 
300 

Thr Ile Val Ser Asp Phe Gly Arg Pro Asn Ser Ala Leu Glu Thr His 
305 315 320 

Arg Leu Val Ala Phe Leu Glu Arg Ala Asp Ser Val Ile Ser Trp Asp 
330 335 

Ile Gin Asp Glu Lys Asn Val Thr cys Gin Leu Thr Phe Trp Glu Ala 
340 345 350 

Ser Glu Arg Thr Ile Arg Ser Glu Ala Glu Asp Ser Tyr His Phe Ser 
360 365 

Ser Ala Lys Met Thr Ala Thr Phe Leu Ser Lys Lys Gin Glu Val Asn 
380 

Met Ser Asp Ser Ala Leu Asp Cys Val Ara Asp Glu Ala Ile Asn Lys 
385 395 400 

Leu Gin Gin Ile Phe Asn Thr Ser Tyr Asn Gln Thr Tyr Glu Lys Tyr 
410 415 

Gly Asn Val Ser Val Phe Glu Thr Thr Gly Gly Leu Val Val Phe Trp 
420 425 430 

Gin Gly Ile Lys Gin Lys Ser Leu Val Glu Leu Glu Arg Leu Ala Asn 
440 445 

Arg Ser Ser Leu Asn Leu Thr His Arg Thr Lys Arg Ser Thr Asp Gly 
460 

Asn Asn Thr Thr His Leu Ser Asn Met Glu Ser Val His Asn Leu Val 
465 475 480 

Tyr Ala Gin Leu Gin Phe Thr Tyr Asp Thr Leu Arg Gly Tyr Ile Asn 
490 495 mmmmmmmm 
- 

mmmm 
m? mmmm mmmmm mmmm mmmg mm mmm mm 

Arg Ala Leu Ala Gin Ile Ala Glu Ala Trp Cys Val Asp Gin Arg Arg 
500 505 510 mmmmmmm mmmmmm mmmmmmm Thr Leu Glu Val Phe Lys Glu Leu Ser Lys Ile Asn Pro Ser Ala Ile 

520 525 

Leu Ser Ala Ile Tyr Asn Lys Pro Ile Ala Ala Arg Phe Met Gly Asp 
540 

Val Leu Gly Leu Ala Ser Cys Val Thr Ile Asn Gin Thr Ser Val Lys 
545 555 560 

Val Leu Arg Asp Met Asn Val Lys Glu Ser Pro Gly Arg Cys Tyr Ser 
570 575 

Arg Pro Val Val Ile Phe Asn Phe Ala Asn Ser Ser Tyr Val Gin Tyr 
580 585 590 

Gly Gin Leu Gly Glu Asp Asn Glu Ile Leu Leu Gly Asn His Arg Thr 
600 605 

Glu Glu Cys Gin Leu Pro Ser Leu Lys Ile Phe Ile Ala Gly Asn Ser 
620 

Ala Tyr Glu Tyr Val Asp Tyr Leu Phe Lys Arg Met Ile Asp Leu Ser 
625 635 640 

Ser Ile Ser Thr Val Asp Ser Met Ile Ala Leu Asp Ile Asp Pro Leu 
650 655 

Glu Asn Thr Asp Phe Arg Val Leu Glu Leu Tyr Ser Gin Lys Glu Leu 
660 665 670 

Arg Ser Ser Asn Val Phe Asp Leu Glu Glu Ile Met Arg Glu Phe Asn 
680 685 
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- continued 
Ser Tyr Lys Gin Arg Val Lys Tyr Val Glu Asp Lys Val Val Asp Pro 

695 | 

Leu Pro Pro Tyr Leu Lys Gly Leu Asp Asp Leu Met Ser Gly Leu Gly 
705 710 715 

? 
? 72 . . 

Ala Ala Gly Lys Ala Val Gly Val Ala Ile Gly Ala Val Gly Gly Ala 
& J ? & REA 

Val Ala Ser Val Val Glu Gly Val Ala Thr Phe Leu Lys Asn Pro Phe 
745 750 

S & 

Gly Ala Phe Thr Ile Ile Leu Val Ala Ile Ala Val Val Ile Ile Thr 
755 760 

Tyr Leu Ile Tyr Thr Arg Gin Arg Arg Leu Cys Thr Gin Pro Leu Gin 
775 

Asn Leu Phe Pro Tyr Leu Val Ser Ala Asp Gly Thr Thr Val Thr Ser 
785 790 795 800 

- 

amam mmmm mmmmmmmm mm 
Gly Ser Thr Lys Asp Thr Ser Leu Gin Ala Pro Pro Ser Tyr Glu Glu 

Ser Val Tyr Asn Ser Gly Arg Lys Gly Pro Gly Pro Pro Ser Ser Asp 
825 830 

Ala Ser Thr Ala Ala Pro Pro Tyr Thr Asn Glu Gin Ala Tyr Gin Met 
835 840 

Leu Leu Ala Leu Ala Arg Leu Asp Ala GluGln Arg Ala Gin Gin Asn 
855 ggggg Gly Thr Asp Ser Leu Asp Gly Gin Thr Gly Thr Gin Asp Lys Gly Gin 

865 870 875 880 

Lys Pro Asn Leu Leu Asp Arg Leu Arg His Arg Lys Asn Gly Tyr Arg 
895 

His Leu Lys Asp Ser Asp Glu Glu Glu Asn Val 
900 905 

1 

1 

AAAAA 
< 210 > SEQ ID NO 3 
< 211 > LENGTH : 1119 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : OM consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

1 2 

3 0 30 
2 2 2 22 
2 

2 

2 

< 400 > SEQUENCE : 3 

nnngcaccca gccacgtgga caaagtgaac acccggactt ggagcgccag catcgtgttc 8 60 

atggtgctga ccttcgtgaa tgtgtccgtc cacctggtgc tgagcaactt cccccacctg 120 
ggctacccct gcgtgtacta ccacgtggtg gacttcgagc ggctgaacat gagcgcctac 180 

aacgtgatgc atctgcacac ccccatgctg tttctggaca gcgtgcagct cgtgtgctac 240 

gccgtgttta tgcagctggt gttcctggcc gtgaccatct actacctcgt gtgctggatc 300 

aagatttcta tgcggaagga caagggcatg agcctgaacc agagcacccg ggacatcagc 360 

tacatgggcg acagcctgac cgccttcctg ttcatcctga gcatggacac cttccagctg 420 

ttcaccctga ccatgagctt ccggctgccc agcatgatcg cctttatggc cgccgtccac 480 

ttcttctgtc tgaccatctt caacgtgtcc atggtcaccc agtacagaag ctacaagcgg 540 

agcctgttct tcttcagtcg gctgcacccc aagctgaagg gcaccgtcca gttccggacc 600 

ctgatcgtga acctggtgga agtggccctg ggcttcaaca ccaccgtggt ggctatggct 660 

ctgtgctacg gottcggcaa caacttcttc gtgcggacag gecacatggt gctggccgtg 720 
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ttcgtggtgt acgccattat cagcatcatc tactttctgc tgatcgaggc cgtgttcttc 780 
cagtacgtga aggtgcagtt cggctaccac ctgggcgcct ttttcggcct gtgcggcctg 840 
atctacccca tcgtgcagta cgacaccttc ctgagcaacg agtaccggac cggcatcago 900 

tggtccttcg gcatgctgtt cttcatctgg gccatgttca ccacctgtcg ggccgtgcgg 960 
tacttcagag gcagaggcag cggctccgtg aagtaccagg ccctggccac agccagcggc 1020 
gaagaagtgg ccgccctgag ccaccacgac agcctggaaa gcagacggct gagagaggaa | 1080 

gaggacgacg acgacgatga ggacttcgag gacgcctga 1119 

A 

A 

A 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 372 

TYPE : PRT 
ORGANISM : Artificial Sequence 
FEATURE : 

< 223 > OTHER INFORMATION : GM consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 4 
Xaa Ala Pro Ser His Val Asp Lys Val Asn Thr Ara Thr Trp Ser Ala ? ? 

Ser Ile Val Phe Met Val Leu Thr Phe Val Asn Val Ser Val His Leu 

Val Leu Ser Asn Phe Pro His Leu Gly Tyr Pro Cys Val Tyr Tyr His 
40 45 

Val Val Asp Phe Glu Arg Leu Asn Met Ser Ala Tyr Asn Val Met His 

so 

ED Es Leu His Thr Pro Met Leu Phe Leu Asp Ser Val Gin Leu Val Cys Tyr 
80 

Ala Val Phe Met Gln Leu Val Phe Leu Ala Val Thr Ile Tyr Tyr Leu 

Val Cys Trp Ile Lys Ile Ser Met Arg Lys Asp Lys Gly Met Ser Leu 

Asn Gin Ser Thr Arg Asp Ile Ser Tyr Met Gly Asp Ser Leu Thr Ala 
120 

m 

am sm mmmm mm Mem 

mmmm mmmm mmmmmm am 

125 

Phe Leu Phe Ile Leu Ser Met Asp Thr Phe Gln Leu Phe Thr Leu Thr mmmmmm mmmmm msm g Met Ser Phe Arq Leu Pro Ser Met Ile Ala Phe Met Ala Ala Val His 
160 

Phe Phe Cys Leu Thr Ile Phe Asn Val Ser Met Val Thr Gln Tyr Arq 

Ser Tyr Lys Arg Ser Leu Phe Phe Phe Ser Arg Leu His Pro Lys Leu 

Lys Gly Thr Val Gin Phe Arg Thr Leu Ile Val Asn Leu Val Glu Val 
200 205 E 

Ala Leu Gly Phe Asn Thr Thr Val Val Ala Met Ala Leu Cys Tyr Gly 

Phe Gly Asn Asn Phe Phe Val Arg Thr Gly His Met Val Leu Ala Val 
240 

Phe Val Val Tyr Ala Ile Ile Ser Ile Ile Tyr Phe Leu Leu Ile Glu pg 
Ala Val Phe Phe Gin Tyr Val Lys Val Gin Phe Gly Tyr His Leu Gly 
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- continued 

Ala Phe Phe Gly Leu Cys Gly Leu Ile Tyr Pro Ile Val Gin Tyr Asp 
285 

? 

E 

? Thr Phe Leu Ser Asn Glu Tyr Arg Thr Gly Ile Ser Trp Ser Phe Gly 
290 

Met Leu Phe Phe Ile Trp Ala Met Phe Thr Thr Cys Arg Ala Val Arg 
305 310 315 320 mm Tyr Phe Arg Gly Arg Gly Ser Gly Ser Val Lys Tyr Gin Ala Leu Ala 

335 8 

Thr Ala Ser Gly Glu Glu Val Ala Ala Leu Ser His His Asp Ser Leu ? 

Glu Ser Arg Arg Leu Arg Glu Glu Glu Asp Asp Asp Asp Asp Glu Asp 
355 360 365 ? 

Phe Glu Asp Ala 
370 

0 1 1 11 
2 

A . 

< 210 > SED ID No 5 
< 211 > LENGTH : 411 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
202 FEATURE : 

< 223 > OTHER INFORMATION : ON consensus nucleic acid sequence 
< 220 > FEATURE : 

19 NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

A 

< 400 > SEQUENCE : 5 

nnngagtgga acaccctggt gctgggtctg ctggtgctgt ctgtggccgc cagcagcaac | 60 
aacaccagca ctgccagcac ccccagccct agcagcagca cccacacctc caccaccgtg 120 

aaggccacca ccaccgccac cacaagcacc acaacagcca ccagcaccac ctcttccacc 180 

accagcacaa agcccggcag caccactcac gaccccaacg tgatgaggcc ccacgcccac 240 

aacgacttct acaaggccca ctgcaccagc catatgtacg agctgagcct gagcagcttc 300 

gccgcctggt ggaccatgct gaacgccctg atcctgatgg gcgccttctg catcgtgctg 360 

cggcactgct gottccagaa cttcaccgcc acaaccacca agggctactg a 411 

AAAAAAAAA 
< 210 > SEQ ID NO 6 
< 211 > LENGTH : 136 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 9N consensus amino acid sequence 
< 220 > FEATURE : 
221 > NAME / KEY : misc _ feature 
22 > LOCATION : ( 1 ) . . ( 1 ) 

223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid urally occurring amin 
< 400 > SEQUENCE : 6 
Xaa Glu Trp Asn Thr Leu Val Leu Gly Leu Leu Val Leu Ser Val Ala 

15 | 5 
Ala Ser Ser Asn Asn Thr Ser Thr Ala SerThr Pro Ser Pro Ser Ser 

25 30 

Ser Thr His Thr Ser Thr Thr Val Lys Ala Thr Thr Thr Ala Thr Thr 18 Rg 8 ? DD E 
? Ser Thr Thr Thr Ala Thr Ser Thr Thr Ser Ser Thr Thr Ser Thr Lys 

55 50 

Pro Gly Ser Thr Thr His Asp Pro Asn Val Met Arg Pro His Ala His 
70 75 80 
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Asn Asp Phe Tyr Lys Ala His Cys Thr Ser His Met Tyr Glu Leu Ser 

95 

Leu Ser Ser Phe Ala Ala Trp Trp Thr Met Leu Asn Ala Leu Ile Leu 
100 105 110 

Met Gly Ala Phe Cys Ile Val Leu Arq His Cys Cys Phe Gln Asn Phe 
115 120 125 Arg His cys cys phe Gin Aøn Phe 

Thr Ala Thr Thr Thr Lys Gly Tyr 
130 135 

< 210 > SEO ID NO 7 
< 211 > LENGTH : 2232 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : gH consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
223 > OTHER INFORMATION : n is a , c , 9 , or t 

< 400 > SEQUENCE : 7 

nnncgacccg gcctgcccag ctacctgacc gtgttcgccg tgtacctgct gagccatctg 60 
cccagccaga gatacggcgc cgatgccgcc tctgaggccc tggatcctca cgccttccat 120 

ctgctgctga acacctacgg cagacctatc cggttcctgc gcgagaacac cacccagtgc 180 
acctacaaca gcagcctgcg gaacagcacc gtcgtgcgcg agaatgctat cagcttcaac 240 
ttcttccaga getacaacca gtactacgtg ttccacatgc cccggtgcct gttcgccgga 300 

cctctggccg agcagttcct gaaccaggtg gacctgaccg agacactgga aagataccag 360 
cagcggctga atacctacgc cctggtgtcc aaggacctgg ccagctaccg gtccttcago 420 
cagcagctga aggctcagga cagcctgggc gagcagccta ccaccgtgcc ccctccaatc 480 

gacctgagca tcccccacgt gtggatgccc ccccagacca cacctcacgg ctggaaagag 540 

agccacacca ccagcggcct gcacagaccc cacttcaacc agacctgcat tctgttcgac 600 

ggccacgacc tgctgttcag caccgtgacc ccctgcctgc accagggctt ctacctgatc 660 

gacgagctga gatacgtgaa gatcaccctg accgaggatt tcttcgtggt caccgtgtcc 720 
atcgacgacg acacccccat gctgctgatc ttcggccatc tgcctcgggt gctgttcaag 780 

gccccctacc agcgggacaa cttcatcctg cggcagaccg agaagcacga gctgctggtg 840 

ctggtcaaga aggaccagct gaaccggcac tcctacctga aggaccccga cttcctggac 900 
gccgccctgg acttcaacta cctggacctg agcgccctgc tgagaaacag cttccacaga 960 

tacgccgtgg acgtgctgaa gtccggccgg tgccagatgc tggacagacg gaccgtggaa 1020 
atggccttcg cctatgccct ggccctgttt gccgccgctc ggcaggaaga ggctggcgct 1080 
gaagtgtccg tgcccagagc cctggacaga caggccgctc tgctgcagat ccaggaattc 1140 

atgatcacct gtctgagcca gaccccccct cggaccaccc tgctgctgta ccctaccgcc 1200 
gtggatctgg ccaagcgggc cctgtggacc cccaaccaga tcaccgacat cacaagcctc 1260 
gtgcggctgg tgtacatcct gagcaagcag aaccagcagc acctgatccc ccagtgggcc 1320 

ctgagacaga tcgccgactt cgccctgaag ctgcacaaga cccacctggc tagctttctg 1380 

agcgccttcg ctaggcagga actgtacctg atgggcagcc tggtgcactc catgctggtg 1440 

cacaccaccg agaggcggga aatcttcatc gtggaaaccg gcctgtgcag cctggccgag 1500 
ctgagccact tcacccagct gctggcccac ccccaccacg agtacctgag cgacctgtac 1560 
accccctgca gctctagcgg cagacgggat cacagcctgg aacggctgac ccggctgttc 1620 
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cccgatgcca cagtgcctgc cactgtgcca gccgccctgt ccatcctgtc caccatgcag 1680 
cccagcaccc tggaaacctt ccccgacctg ttctgcctgc ccctgggcga gagcttcagc 1740 
gccctgacag tgtccgagca cgtgtcctac gtggtcacca accagtacct gatcaagggc 1800 

atcagctacc ccgtgtccac caccgtcgtg ggccagagcc tgatcatcac ccagaccgac 1860 

agccagacca agtgcgagct gacccggaac atgcacacca cacacagcat cactgccgcc 1920 

ctgaacatca gcctggaaaa ctgcgccttc tgccagtctg ccctgctgga atacgacgat 1980 

acccagggcg tgatcaacat catgtacatg cacgacagcg acgacgtgct gttcgccctg 2040 

gacccctaca acgaggtggt ggtgtccagc ccccggaccc actacctgat gctgctgaag 21000 

aacggcaccg tgctggaagt gaccgacgtg gtggtggacg ccaccgacag cagactgctg | 21600 
atgatgagcg tgtacgccct gagcgccatc atcggcatct acctgctgta ccggatgctg 2220 
aaaacctgct ga 2232 

A 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 743 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : CH consensus amino acid sequence 

0 ) FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

A 

< 400 > SEQUENCE : 8 

Xaa Arg Pro Gly Leu Pro Ser Tyr Leu Thr Val Phe Ala Val Tyr Leu 
10 15 9 ER Leu Ser His Leu Pro Ser Gln Arg Tyr Gly Ala Asp Ala Ala Ser Glu 

30 
& 

o & 

E no & 

Ala Leu Asp Pro His Ala Phe His Leu Leu Leu Asn Thr Tyr Gly Arg 
35 

Pro Ile Arq Phe Leu Arq Glu Asn Thr Thr Gln Cys Thr Tyr Asn Ser 
55 EE ? Ee Ser Leu Arq Asn Ser Thr Val Val Arq Glu Asn Ala Ile Ser Phe Asn 

75 

Phe Phe Gin Ser Tyr Asn Gin Tyr Tyr Val Phe His Met Pro Arg Cys 

? 

mam 
. 3mm mmm 85 95 

Leu Phe Ala Gly Pro Leu Ala Glu Gln Phe Leu Asn Gln Val Asp Leu 
110 mmmm ? Thr Glu Thr Leu Glu Ara Tyr Gln Gln Arg Leu Asn Thr Tyr Ala Leu 

115 

Val Ser Lys Asp Leu Ala Ser Tyr Arg Ser Phe Ser Gin Gin Leu Lys 
135 

Ala Gin Asp Ser Leu Gly Glu Gin Pro Thr Thr Val Pro Pro Pro Ile 
155 

& 

& Asp Leu Ser Ile Pro His Val Trp Met Pro Pro Gln Thr Thr Pro His 
165 170 175 

Gly Trp Lys Glu Ser His Thr Thr Ser Gly Leu His Arg Pro His Phe 
190 

Asn Gin Thr Cys Ile Leu Phe Asp Gly His Asp Leu Leu Phe Ser Thr 
195 . 

? Val Thr Pro Cys Leu His Gin Gly Phe Tyr Leu Ile Asp Glu Leu Arq 
215 8 
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| Tyr Val Lys Ile Thr Leu Thr Glu Asp Phe Phe Val Val Thr Val Ser 

225 230 235 240 

Ile Asp Asp Asp Thr Pro Met Leu Leu Ile Phe Gly His Leu Pro Arg 
255 

Val Leu Phe Lys Ala Pro Tyr Gin Arg Asp Asn Phe Ile Leu Arg Gin 
265 270 

Thr Glu Lys His Glu Leu Leu Val Leu Val Lys Lys Asp Gin Leu Asn 
275 280 285 

Arg His Ser Tyr Leu Lys Asp Pro Asp Phe Leu Asp Ala Ala Leu Asp 
300 

Phe Asn Tyr Leu Asp Leu Ser Ala Leu Leu Arg Asn Ser Phe His Arg 
305 310 315 320 

Tyr Ala Val Asp Val Leu Lys Ser Gly Arg Cys Gin Met Leu Asp Arg 
335 

Arg Thr Val Glu Met Ala Phe Ala Tyr Ala Leu Ala Leu Phe Ala Ala 
345 350 

Ala Arq Gln Glu Glu Ala Gly Ala Glu Val Ser Val Pro Arq Ala Leu 
355 360 365 

Asp Arg Gin Ala Ala Leu Leu Gin Ile Gin Glu Phe Met Ile Thr Cys 
380 

Leu Ser Gin Thr Pro Pro Arq Thr Thr Leu Leu Leu Tyr Pro Thr Ala 
385 390 395 400 

Val Asp Leu Ala Lys Arg Ala Leu Trp Thr Pro Asn Gin Ile Thr Asp 
415 

Ile Thr Ser Leu Val Arg Leu Val Tyr Ile Leu Ser Lys Gin Asn Gin 
425 430 mmmmmm mmm mmmmm am Gln His Leu Ile Pro Gln Trp Ala Leu Arq Gln Ile Ala Asp Phe Ala 

435 440 445 

Leu Lys Leu His Lys Thr His Leu Ala Ser Phe Leu Ser Ala Phe Ala 
460 

Arg Gin Glu Leu Tyr Leu Met Gly Ser Leu Val His Ser Met Leu Val 
465 470 475 480 

His Thr Thr Glu Arg Arg Glu Ile Phe Ile Val Glu Thr Gly Leu Cys 
495 

Ser Leu Ala Glu Leu Ser His Phe Thr Gin Leu Leu Ala His Pro His 
505 510 

His Glu Tyr Leu Ser Asp Leu Tyr Thr Pro Cys Ser Ser Ser Gly Arg 
520 525 15 5 

Arg Asp His Ser Leu Glu Arg Leu Thr Arg Leu Phe Pro Asp Ala Thr 
540 

Val Pro Ala Thr Val Pro Ala Ala Leu Ser Ile Leu Ser Thr Met Gln 
545 550 555 560 

Pro Ser Thr Leu Glu Thr Phe Pro Asp Leu Phe Cys Leu Pro Leu Gly 
575 

Glu Ser Phe Ser Ala Leu Thr Val Ser Glu His Val Ser Tyr Val Val 
585 590 

Thr Asn Gin Tyr Leu Ile Lys Gly Ile Ser Tyr Pro Val Ser Thr Thr 
595 600 605 

Val Val Gly Gin Ser Leu Ile Ile Thr Gin Thr Asp Ser Gin Thr Lys 
620 

Cys Glu Leu Thr Arq Asn Met His Thr Thr His Ser Ile Thr Ala Ala 
625 630 635 640 

| 

Leu Asn Ile Ser Leu Glu Asn Cys Ala Pheo ys Gln Ser Ala Leu Leu 
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s 

645 650 655 
Glu Tyr Asp Asp Thr Gin Gly Val Ile Asn Ile Met Tyr Met His Asp 

665 670 erapa Ser Asp Asp Val Leu Phe Ala Leu Asp Pro Tyr Asn Glu Val Val Val 
675 680 685 anna be a 

Ser Ser Pro Arq Thr His Tyr Leu Met Leu Leu Lys Asn Gly Thr Val 
695 

Leu Glu Val Thr Asp Val Val Val Asp Ala Thr Asp Ser Arg Leu Leu 
705 715 720 

de om er beb Met Met Ser Val Tyr Ala Leu Ser Ala Ile Ile Gly Ile Tyr Leu Leu 
735 

Tyr Arg Met Leu Lys Thr Cys 
740 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 837 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : GL consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 9 

nnntgcaggc ggcccgactg cggcttcagc ttcagccctg gccccgtgat cctgctgtgg 60 

tgctgcctgc tgctgcccat cgtgtcctct gccgccgtgt ctgtggcccc tacagccgcc 120 
gagaaggtgc cagccgagtg ccctgagctg accagacggt gtctgctggg cgaggtgttc 180 

cagggcgata agtacgagag ctggctgcgg cccctggtca acgtgaccgg cagagatggc 240 

cccctgagcc agctgatccg gtacagaccc gtgacccctg aggccgccaa cagcgtgctg 300 

ctggacgaag cctttctgga cacactggcc ctgctgtaca acaaccccga ccagctgcgg 360 
gccctgctga cactgctgag cagcgatacc gcccccagat ggatgaccgt gatgcggggc 420 

tacagcgagt gcggcgacgg atctcccgcc gtgtacacct gtgtggacga cctgtgccgg 480 

ggctacgacc tgaccagact gagctacggc cggtccatct tcacagagca cgtgctgggc 540 

ttcgagctgg tgccccccag cctgttcaat gtggtggtgg ccatccggaa cgaggccacc 600 

cggaccaaca gagcagtgcg gctgcctgtgtccaccgctg ctgctccaga gggcatcacc 660 

ctgttctacg gcctgtacaa cgccgtgaaa gagttctgcc tgagacacca gctggacccc 720 

cccctgctgc ggcacctgga caagtactac gccggcctgc ctcccgagct gaagcagacc 780 

agagtgaacc tgcccgccca cagcagatac ggccctcagg ccgtggacgc cagatga 837 

A 

A 

A 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 278 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : GL consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

A 

A 

A 

A 

A 

< 400 > SEQUENCE : 10 

Xaa Cys Arg Arg Pro Asp Cys Gly Phe Ser Phe Ser Pro Gly Pro Val 
1 10 15 
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- continued 
| Ile Leu Leu Trp Cys Cys Leu Leu Leu Pro Ile Val Ser Ser Ala Ala 

20 25 30 

Val Ser Val Ala Pro Thr Ala Ala Glu Lys Val Pro Ala Glu Cys Pro 
35 40 

Glu Leu Thr Arg Arg Cys Leu Leu Gly Glu Val Phe Gin Gly Asp Lys 
50 

Tyr Glu Ser Trp Leu Arg Pro Leu Val Asn Val Thr Gly Arg Asp Gly 
75 65 

E EE Pro Leu Ser Gin Leu Ile Arg Tyr Arg Pro Val Thr Pro Glu Ala Ala 
95 

Asn Ser Val Leu Leu Asp Glu Ala Phe Leu Asp Thr Leu Ala Leu Leu 
100 105 110 mmmmm Tyr Asn Asn Pro Asp Gln Leu Arq Ala Leu Leu Thr Leu Leu Ser Ser 

115 120 

- ? 

mmmmmm mmm Asp Thr Ala Pro Arg Trp Met Thr Val Met Arg Gly Tyr Ser Glu Cys 
130 

? & 

g 3 g 

I 

Es & R3 ? 3 
& & 

H J JI 

SEAR JE . 3 

| 

D mmm mmmmmm Gly Asp Gly Ser Pro Ala Val Tyr Thr cys Val Asp Asp Leu Cys Arg 
145 155 

Gly Tyr Asp Leu Thr Arg Leu Ser Tyr Gly Arg Ser Ile Phe Thr Glu 
175 

His Val Leu Gly Phe Glu Leu Val Pro Pro Ser Leu Phe Asn Val Val 
180 185 190 

Val Ala Ile Arg Asn Glu Ala Thr Arg Thr Asn Arg Ala Val Arg Leu 
195 200 

Pro Val Ser Thr Ala Ala Ala Pro Glu Gly Ile Thr Leu Phe Tyr Gly 
210 

Leu Tyr Asn Ala Val Lys Glu Phe Cys Leu Arq His Gin Leu Asp Pro 
225 235 

Pro Leu Leu Arg His Leu Asp Lys Tyr Tyr Ala Gly Leu Pro Pro Glu 
255 

Leu Lys Gin Thr Arg Val Asn Leu Pro Ala His Ser Arg Tyr Gly Pro 
260 270 265 

Gin Ala Val Asp Ala Arq 
275 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 1419 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : go consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
22 > LOCATION : ( 1 ) . . ( 3 ) 

< 223 > OTHER INFORMATION : n is a , c , g , or t 
A 

< 400 > SEQUENCE : 11 
nnnggcaaga aagaaatgat catggtcaag ggcatcccca agatcatgct gctgatcago | 60 

atcacctttc tgctgctgag cctgatcaac tgcaacgtgc tggtcaacag caagggcaca 120 

cggcggagct ggccctacac cgtgctgagc taccggggca aagagatcct gaagaagcag 180 

aaagaggaca tcctgaagcg gutgatgage accagcagcg acggctaccg gttcctgatg 240 

taccccagcc agcagaaatt ccacgccatc gtgatcagca tggacaagtt cccccaggac 300 

tacatcctgg ccggacccat ccggaacgac agcatcaccc acatgtggtt cgacttctac 360 
agcacccagc tgcggaagcc cgccaaatac gtgtacagcg agtacaacca caccgcccac 420 
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aagatcacoc tgcggcctcc cccttgcggc accgtgccca gcatgaactg cctgagcgag 480 

atgctgaacg tgtccaagcg gaacgacacc ggcgagaagg gctgcggcaa cttcaccacc 540 
ttcaacccca tgttcttcaa cgtgccccgg tggaacacca agctgtacat cggcagcaac 600 

aaagtgaacg tggacagcca gaccatctac tttctgggcc tgaccgccct gctgctgcgc 660 
tacgcccaga gaaactgcac ccggtccttc tacctggtca acgccatgag ccggaacctg 720 

ttccgggtgc ccaagtacat caacggcacc aagctgaaga acaccatgcg gaagctgaag 780 
cggaagcagg ccctggtcaa agagcagccc cagaagaaga acaagaagtc ccagagcacc 840 

accaccccct acctgagcta caccaccagc accgccttca acgtgaccac caacgtgacc 900 

tacagcgcca cagccgccgt gaccagagtg gccacctcca ccaccggcta ccggcccgac 960 
agcaacttca tgaagtccat catggccacc cagctgaggg acctggccac ctgggtgtac 1020 
accaccctgc ggtacagaaa cgagcccttc tgcaagcccg accggaacag aaccgccgtg 1080 
tccgagttca tgaagaatac ccacgtgctg atccgcaacg agacacccta caccatctac 1140 

ggcaccctgg acatgagcag cctgtactac aacgagacaa tgagcgtcga gaacgagaca 1200 
gccagcgaca acaacgaaac cacccccacc agccccagca cccggttcca gcggaccttc 1260 
atcgaccccc tgtgggacta cctggacagc ctgctgttcc tggacaagat ccggaacttc 1320 
agcctgcagc tgcccgccta cggcaacctg accccccctg aacacagaag ggccgccaac 1380 
ctgagcaccc tgaacagcct gtggtggtgg ctgcagtga 1419 

A 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 472 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : go consensus amino acid sequence 

| FEATURE : 
19 NAME / KEY : misc _ feature 

< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

A 

22 222 
1 2 22 222 2 30 30 1 2 3 A 

A 

A 

A 

< 400 > SEQUENCE : 12 

Xaa Gly Lys Lys Glu Met Ile Met Val Lys Gly Ile Pro Lys Ile Met & 

Leu Leu Ile Ser Ile Thr Phe Leu Leu Leu Ser Leu Ile Asn Cys Asn ? 
25 

E Val Leu Val Asn Ser Lys Gly Thr Arg Arg Ser Trp Pro Tyr Thr Val 
40 35 

Leu Ser Tyr Arg Gly Lys Glu Ile Leu Lys Lys Gin Lys Glu Asp Ile 3 msm Leu Lys Arg Leu Met Ser Thr Ser Ser Asp Gly Tyr Arg Phe Leu Met 
? & Ep 

65 70 mmm am mmmm mmmm sam mmm Tyr Pro Ser Gin Gin Lys Phe His Ala Ile Val Ile Ser Met Asp Lys 

Phe Pro Gin Asp Tyr Ile Leu Ala Gly Pro Ile Arg Asn Asp Ser Ile 
105 

? 

?g & ? 
? 

Thr His Met Trp Phe Asp Phe Tyr Ser Thr Gln Leu Arq Lys Pro Ala 
115 120 

Lys Tyr Val Tyr Ser Glu Tyr Asn His Thr Ala His Lys Ile Thr Leu 

Arg Pro Pro Pro Cys Gly Thr Val Pro Ser Met Asn cys Leu Ser Glu 
145 150 160 

1 
Met Leu Asn Val Ser Lys Arg Asn Asp Thr Gly Glu Lys Gly cys Gly 
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- continued 
165 170 175 

? Asn Phe Thr Thr Phe Asn Pro Met Phe Phe Asn Val Pro Arg Trp Asn 
190 

3 Thr Lys Leu Tyr Ile Gly Ser Asn Lys Val Asn Val Asp Ser Gin Thr 
205 

Ile Tyr Phe Leu Gly Leu Thr Ala Leu Leu Leu Arg Tyr Ala Gin Arg 
210 

R 

Asn cys Thr Arg Ser Phe Tyr Leu Val Asn Ala Met Ser Arg Asn Leu 
225 

Phe Arg Val Pro Lys Tyr Ile Asn Gly Thr Lys Leu Lys Asn Thr Met 

Arg Lys Leu Lys Arg Lys Gin Ala Leu Val Lys Glu Gin Pro Gin Lys 
270 

Lys Asn Lys Lys Ser Gin Ser Thr Thr Thr Pro Tyr Leu Ser Tyr Thr 
285 

? & E 

R 

Thr Ser Thr Ala Phe Asn Val Thr Thr Asn Val Thr Tyr Ser Ala Thr 
290 
? 

Ala Ala Val Thr Arg Val Ala Thr Ser Thr Thr Gly Tyr Arg Pro Asp ? ? & 
305 

S 8 
g Ser Asn Phe Met Lys Ser Ile Met Ala Thr Gln Leu Arq Asp Leu Ala 

Thr Trp Val Tyr Thr Thr Leu Arg Tyr Arg Asn Glu Pro Phe Cys Lys 
350 

Pro Asp Arg Asn Arg Thr Ala Val Ser Glu Phe Met Lys Asn Thr His 
365 

? mam mmmm mmmm Val Leu Ile Arg Asn Glu Thr Pro Tyr Thr Ile Tyr Gly Thr Leu Asp 
370 

Met Ser Ser Leu Tyr Tyr Asn Glu Thr Met Ser Val Glu Asn Glu Thr 
385 

Ala Ser Asp Asn Asn Glu Thr Thr Pro Thr Ser Pro Ser Thr Arg Phe 

? Gin Arg Thr Phe Ile Asp Pro Leu Trp Asp Tyr Leu Asp Ser Leu Leu 
430 

Phe Leu Asp Lys Ile Arg Asn Phe Ser Leu Gin Leu Pro Ala Tyr Gly 
445 
E 

Asn Leu Thr Pro Pro Glu His Arg Arg Ala Ala Asn Leu Ser Thr Leu 
450 
? & 

? 

Asn Ser Leu Tri Tri Trp Leu Gln 
465 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 516 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
( 223 > OTHER INFORMATION : UL128 consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
22 > LOCATION : ( 1 ) . . ( 3 ) 

< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 13 

nnnagcccca aggatctgac ccctttcctg accgccctgt ggctgctcct gggccacage 
8 1 

agagtgccta gagtgcgggc cgaggaatgc tgcgagttca tcaacgtgaa ccaccccccc 120 
gagoggtgct acgacttcaa gatgtgcaac cggttcaccg tggctctgag atgccccgac 180 
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- continued 
ggcgaagtgt getacagccc cgagaaaacc gccgagatcc ggggcatcgt gaccaccatg 240 
acccacagcc tgaccagaca ggtggtgcat aacaagctga ccagttgcaa ctacaacccc 300 
ctgtacctgg aagccgacgg ccggatcaga tgcggcaaag tgaacgacaa ggcccagtac 360 

ctgctgggcg ctgcaggcag tgtgccctac agatggatca acctggaata cgacaagatc 420 
acccggatcg tgggcctgga ccagtacctg gaaagcgtga agaagcacaa gcggctggac 480 
gtgtgccggg ccaagatggg ctacatgctg cagtga 516 

< 210 > SEQ ID No 14 
< 211 > LENGTH : 171 
< 212 > TYPE : PRT 
< 213 , ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATIONN : UL128 consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 14 

Leu Thr Ala Leu Trp Leu Leu Xaa Ser Pro Lys Asp Leu Thr Pro Phe Leu Thr Ala Leu Trp Leu Leu 
. 15 

Leu Gly His Ser Arg Val Pro Arg Val Arg Ala Glu Glu Cys Cys Glu 
25 

3 E 

? Phe Ile Asn Val Asn His Pro Pro Glu Arg Cys Tyr Asp Phe Lys Met 
35 40 

? R 

Cys Asn Arg Phe Thr Val Ala Leu Arg Cys Pro Asp Gly Glu Val Cys 

Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg Gly Ile Val Thr Thr Met 
70 8 

Thr His Ser Leu Thr Arg Gin Val Val His Asn Lys Leu Thr Ser Cys 

am 

mmm Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly Arg Ile Arg Cys Gly 
105 

8 mmmmm mam mmm mmmmm ? Lys Val Asn Asp Lys Ala Gin Tyr Leu Leu Gly Ala Ala Gly Ser Val 
| 115 120 

Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys Ile Thr Arg Ile Val 6 

Gly Leu Asp Gin Tyr Leu Glu Ser Val Lys Lys His Lys Arg Leu Asp 
150 160 

Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gin 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 646 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : UL130 consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
22 > LOCATION : ( 1 ) . . ( 3 ) 

< 223 > OTHER INFORMATION : n is a , c , g , or t 

1 1 1 

1 2 3 0 30 
2 

2 2 

2 2 AAAAA 2 2 2 2 

2 2 

< 400 > SEQUENCE : 15 

nnngctgcgg ctgctgctgc ggcaccactt ccactgcctg ctgctgtgtg ccgtgtgggc 60 

caccccttgt ctggccagcc cttggagcac cctgaccgcc aaccagaacc ctagcccccc 120 
ctggtccaag ctgacctaca gcaagcccca cgacgccgct accttctact gcccattcct 180 
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- continued 
gtaccccagc cctcccagaa gccccctgca gttcagcggc ttccagcggg tgtccaccgg 240 
ccctgagtgc cggaacgaga cactgtacct gctgtacaac cgcgagggcc agaccctggt 300 

ggaacggtct agcacctggg tcaagaaagt gatctggtat ctgagcggcc ggaaccagac 360 

catcctgcag cggatgcctc ggaccgccag caagcctagc gacggcaacg tgcagatcag 420 

cgtggaagat gccaaaatct tcggcgcoca catggtgccc aagcagacca agctgctgag 480 
attcgtggtc aacgacggca ccagatacca gatgtgcgtg atgaagctgg aaagctgggc 540 

ccacgtgttc cgggactaca gcgtgtcatt ccaggtccga ctgaccttca ccgaggccaa 600 
caaccagacc tacaccttct gcacccaccc caacctgatc gtctga 646 

A 

A 222 A 

A 

A 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 214 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : UL130 consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

1 1 1 1 2 

0 1 2 3 0 301 2 3 
2 

> 

2 

> 

2 > 2 2 22 
2 2 

A 

A 

A 

A 

A 

< 400 > SEQUENCE : 16 
| | | 

Xaa Leu Arq Leu Leu Leu Arq His His Phe His Cys Leu Leu Leu Cys 

Ala Val Trp Ala Thr Pro Cys Leu Ala Ser Pro Trp Ser Thr Leu Thr 
o 

Ala Asn Gin Asn Pro Ser Pro Pro Trp Ser Lys Leu Thr Tyr Ser Lys 

Pro His Asp Ala Ala Thr Phe Tyr Cys Pro Phe Leu Tyr Pro Ser Pro E 

Pro Arg Ser Pro Leu Gin Phe Ser Gly Phe Gin Arg Val Ser Thr Gly 
70 

? 

& Ag & 3 mmm Pro Glu Cys Arg Asn Glu Thr Leu Tyr Leu Leu Tyr Asn Arg Glu Gly mmm Gin Thr Leu Val Glu Arg Ser Ser Thr Trp Val Lys Lys Val Ile Trp 

8 

mmm mmm ? Tyr Leu Ser Gly Arg Asn Gin Thr Ile Leu Gin Arg Met Pro Arg Thr am Ala Ser Lys Pro Ser Asp Gly Asn Val Gin Ile Ser Val Glu Asp Ala 

Lys Ile Phe Gly Ala His Met Val Pro Lys Gin Thr Lys Leu Leu Arg 
150 

Phe Val Val Asn Asp Gly Thr Arg Tyr Gin Met Cys Val Met Lys Leu 

Glu Ser Trp Ala His Val Phe Arg Asp Tyr Ser Val Ser Phe Gin Val 

Arg Leu Thr Phe Thr Glu Ala Asn Asn Gin Thr Tyr Thr Phe Cys Thr 
200 

? 
1 

His Pro Asn Leu Ile Val 
210 

< 210 > SEO ID NO 17 
< 211 > LENGTH : 390 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : UL131a consensus nucleic acid sequence v 2 3 
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111 

- continued 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 17 

nnnagactgt gcagagtgtg gctgagcgtg tgcctgtgcg ccgtggtgct gggccagtgc 60 
cagagagaga cagccgagaa gaacgactac taccgggtgc cccactactg ggacgcctgc 120 

tctagagccc tgcccgacca gacccggtac aaatacgtgg aacagctggt ggacctgacc 180 

ctgaactacc actacgacgc cagccacggc ctggacaact tcgacgtgct gaagcggatc 240 

aacgtgaccg aggtgtccct gctgatcagc gacttccggc ggcagaacag aagaggcggc 300 

accaacaagc ggactacctt caacgccgct ggcagcctgg cccctcacgc cagatccctg 360 

gaattcagcg tgcggctgtt cgccaactga 390 

V V 

HNMOMO NM V V NNNNNN NNNN V V V 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 129 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : UL131a consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 18 

Xaa Arg Leu cys Arg Val Trp Leu Ser Val Cys Leu Cys Ala Val Val hele Leu Gly Gin cys Gin Arg Glu Thr Ala Glu Lys Asn Asp Tyr Tyr Arg 
25 

Val Pro His Tyr Trp Asp Ala Cys Ser Arg Ala Leu Pro Asp Gin Thr 
35 45 

Arg Tyr Lys Tyr Val Glu Gin Leu Val Asp Leu Thr Leu Asn Tyr His de semana hos para poder 
do sada je naš Tyr Asp Ala Ser His Gly Leu Asp Asn Phe Asp Val Leu Lys Arg Ile 

65 75 
El passeig pe 

80 

Asn Val Thr Glu Val Ser Leu Leu Ile Ser Asp Phe Arg Arg Gln Asn 

l 

Arg Arg Gly Gly Thr Asn Lys Arg Thr Thr Phe Asn Ala Ala Gly Ser 
105 

Leu Ala Pro His Ala Arg Ser Leu Glu Phe Ser Val Arg Leu Phe Ala 
115 125 

Asn 

< 210 > SEO ID NO 19 
< 211 > LENGTH : 1687 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : UL83 consensus nucleic acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 
< 222 > LOCATION : ( 1 ) . . ( 3 ) 
< 223 > OTHER INFORMATION : n is a , c , g , or t 

< 400 > SEQUENCE : 19 

nnntgagagt cgcgggcgga gatgccctga aatgatcagc gtgctgggcc caatttccgg 6 0 
gcatgtgctg aaggccgtct tctcccgcgg agacaccccc gtgctgcctc acgagacaag 120 
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- continued 
actgctgcag actggcatcc atgtgagggt ctcccagcca tctctgattc tggtgtctca 180 
gtacacocca gatagtacac cctgccacag aggggacaac cagctgcagg tgcagcatac 240 
ctacttcacc ggatcagagg togaaaatgt gagcgtcaac gtgcacaatc ccacaggcag 300 

gagtatctgt ccttcacagg agccaatgag catctacgtg tacgccctgc ccctgaaaat 360 

gotgaacatc cctagcatta atgtgcacca ttacccctcc gccgctgaac gaaagcaccg 420 

gcatctgcct gtggcagatg ccgtcatcca tgcttcaggc aaacagatgt ggcaggcacg 480 

actgaccgtg agcggactgg catggacacg acagcagaac cagtggaagg agccagacgt 540 

gtactatact agcgccttcg tgttccccac caaagacgtg gccctgcgac acgtggtctg 600 

cgcacatgag ctggtgtgct ctatggaaaa tactcgggcc accaagatgc aggtcattgg 660 

cgatcagtac gtcaaagtgt atctggagtc cttttgtgaa gacgtgccct ctgggaagct 720 

gttcatgcac gtgaccctgg gaagcgatgt cgaggaagac ctgactatga cccggaaccc 780 

acagcccttt atgagacctc acgagaggaa cggcttcact gtgctgtgcc caaagaatat 840 

gatcattaag cccgggaaaa tctctcatat tatgctggat gtggccttta caagtcacga 900 
gcatttcgga ctgctgtgcc ccaaaagcat ccctgggctg tcaattagcg gaaacctgct 960 
gatgaatggc cagcagatct ttctggaagt gcaggccatt cgagagaccg tcgaactgeg 1020 
acagtacgac ccagtggcag ccctgttctt tttcgatatc gacctgctgc tgcagagagg 1080 
ccctcagtat agtgagcacc caacattcac ttcacagtac aggattcagg ggaagctgga 1140 
gtatcggcac acttgggata gacatgacga aggagctgca cagggcgacg atgacgtgtg 1200 

gacctccggc tctgatagtg acgaggaact ggtgaccaca gagcgaaaaa ctccccgggt 1260 
gaccggagga ggagctatgg caggagcatc aaccagcgcc ggacgaaaga gaaaaagcgc 1320 
cagcagcgcc acagcatgca ctgcaggcgt gatgacaagg gggcgcctga aggcagaatc 1380 

cacagtcgcc cctgaggaag atactgacga ggattctgac aacgaaatcc acaatccagc 1440 
cgtgttcacc tggccacctt ggcaggcagg aattctggct cgcaatctgg tccctatggt 1500 

ggccactgtc cagggacaga acctgaagta ccaggagttt ttctgggatg ctaatgacat 1560 
ctatcggatt ttcgcagagc tggaaggcgt gtggcagcca gcagctcago caaaaaggcg 1620 
ccgacacaga caggacgcac tgcctggacc atgtatcgcc tccaccccaa agaaacatag 1680 
gggctga 1687 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 561 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

23 > OTHER INFORMATION : UL83 consensus amino acid sequence 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc _ feature 

22 > LOCATION : ( 1 ) . . ( 1 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

A 

A 

< 400 > SEQUENCE : 20 

Xaa Glu Ser Arg Gly Arg Arg Cys Pro Glu Met Ile Ser Val Leu Gly 
in 

a 

Pro Ile Ser Gly His Val Leu Lys Ala Val Phe Ser Arg Gly Asp Thr 
20 25 30 

s s 

na 
pa pa 

i i n 

here in s to Pro Val Leu Pro His Glu Thr Arg Leu Leu Gin Thr Gly Ile His Val 

Arg Val Ser Gin Pro Ser Leu Ile Leu Val Ser Gin Tyr Thr Pro Asp 
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- continued 

J Ser Thr Pro Cys His Arg Gly Asp Asn Gln Leu Gln Val Gln His Thr 
65 70 80 75 

E Tyr Phe Thr Gly Ser Glu Val Glu Asn Val Ser Val Asn Val His Asn 
901 95 

3 

& . Pro Thr Gly Arg Ser Ile Cys Pro Ser Gin Glu Pro Met Ser Ile Tyr 
100 105 110 

Val Tyr Ala Leu Pro Leu Lys Met Leu Asn Ile Pro Ser Ile Asn Val 
120 125 

His His Tyr Pro Ser Ala Ala Glu Arg Lys His Arg His Leu Pro Val 
135 

Ala Asp Ala Val Ile His Ala Ser Gly Lys Gin Met Trp Gin Ala Arg 
145 150 155 160 

Leu Thr Val Ser Gly Leu Ala Trp Thr Arg Gin Gin Asn Gin Trp Lys 
170 175 

3 Glu Pro Asp Val Tyr Tyr Thr Ser Ala Phe Val Phe Pro Thr Lys Asp 
180 185 190 | 

Val Ala Leu Arg His Val Val Cys Ala His Glu Leu Val Cys Ser Met 
200 205 

Glu Asn Thr Arg Ala Thr Lys Met Gin Val Ile Gly Asp Gin Tyr Val 
215 

Lys Val Tyr Leu Glu Ser Phe Cys Glu Asp Val Pro Ser Gly Lys Leu 
225 230 235 240 

msg 
mmmmmm Phe Met His Val Thr Leu Gly Ser Asp Val Glu Glu Asp Leu Thr Met 

250 255 

Thr Arg Asn Pro Gin Pro Phe Met Arg Pro His Glu Arg Asn Gly Phe 
260 265 270 mmmmm 3 mmmmmm 

mmmmmm mmmm 
$ 

mmmmmm Thr Val Leu Cys Pro Lys Asn Met Ile Ile Lys Pro Gly Lys Ile Ser 
280 285 mmmmm His Ile Met Leu Asp Val Ala Phe Thr Ser His Glu His Phe Gly Leu 

295 

Leu Cys Pro Lys Ser Ile Pro Gly Leu Ser Ile Ser Gly Asn Leu Leu 
305 310 315 320 

Met Asn Gly Gin Gin Ile Phe Leu Glu Val Gln Ala Ile Ara Glu Thr 
330 335 

Val Glu Leu Arq Gln Tyr Asp Pro Val Ala Ala Leu Phe Phe Phe Asp 
340 345 350 

Ile Asp Leu Leu Leu Gin Arg Gly Pro Gin Tyr Ser Glu His Pro Thr 
360 365 

Phe Thr Ser Gin Tyr Arg Ile Gin Gly Lys Leu Glu Tyr Arg His Thr 
375 mmmm Trp Asp Arg His Asp Glu Gly Ala Ala Gin Gly Asp Asp Asp Val Trp 

385 390 395 400 

Thr Ser Gly Ser Asp Ser Asp Glu Glu Leu Val Thr Thr Glu Arg Lys 
410 415 

Thr Pro Arg Val Thr Gly Gly Gly Ala Met Ala Gly Ala Ser Thr Ser 
420 425 430 

Ala Gly Arg Lys Arg Lys Ser Ala Ser Ser Ala Thr Ala Cys Thr Ala 
440 445 

Gly Val Met Thr Arg Gly Arg Leu Lys Ala Glu Ser Thr Val Ala Pro 
455 

Glu Glu Asp Thr Asp Glu Asp Ser Asp Asn Glu Ile His Asn Pro Ala 
465 470 475 480 ? 
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- continued 
Val Phe Thr Trp Pro Pro Trp Gin Ala Gly Ile Leu Ala Arg Asn Leu 

495 

Val Pro Met Val Ala Thr Val Gin Gly Gin Asn Leu Lys Tyr Gin Glu 
510 

Phe Phe Trp Asp Ala Asn Asp Ile Tyr Arg Ile Phe Ala Glu Leu Glu 
525 515 520 

Gly Val Trp Gin Pro Ala Ala Gin Pro Lys Arg Arg Arg His Arg Gin 
535 540 

Asp Ala Leu Pro Gly Pro Cys Ile Ala Ser Thr Pro Lys Lys His Arg 
545 550 555 560 

Gly 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 2775 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + g? consensus nucleic acid sequence 
< 2 

< 400 > SEQUENCE : 21 

atggactgga cctggatcct gttcctggtg gccgctgcca cacgggtgca cagcgagagc 60 

agaatctggt gcctggtcgt gtgcgtgaac ctgtgcatcg tgtgcctggg agccgccgtg 120 

tccagcagca gcacccgggg cacaagcgcc acacacagcc accacagcag ccacaccacc 180 

agcgccgccc acagccggag cggaagcgtg agcagccagc gggtgaccag cagcgaggcc 240 

gtgtcccacc gggccaacga gacaatctac aacaccaccc tgaagtacgg cgacgtcgtg 300 
ggagtgaaca ccaccaagta cccctacaga gtgtgcagca tggcccaggg caccgacctg 360 

atcagattcg agcggaacat cgtgtgtacc agcatgaagc ccatcaacga ggacctggac 420 

gagggcatca tggtggtgta caagagaaac atcgtggccc acaccttcaa agtgcgggtg 480 

taccagaagg tgctgacctt ccggcggagc tacgcctaca tccacaccac ctacctgctg 540 

ggcagcaaca ccgagtacgt ggcccctccc atgtgggaga tccaccacat caacagccac 600 
agccagtgct acagcagcta cagccgcgtg atcgccggca ccgtgttcgt ggcctaccac 660 
cgggacagct acgagaacaa gaccatgcag ctgatgcccg acgactacag caacacccac 720 

agcaccagat acgtgaccgt gaaggaccag tggcacagcc ggggaagcac ctggctgtac 780 
agagagacat gcaacctgaa ctgcatggtc accatcacca ccgccagaag caagtaccct 840 

taccacttct tcgccaccag caccggcgac gtggtggaca tcagcccctt ctacaacggo 900 
accaaccgga acgccagcta cttcggcgag aacgccgaca agttcttcat cttccccaac 960 

tacaccatcg tgtccgactt cggcagaccc aacagcgccc ctgagacaca ccggctggtg 1020 
gcctttctgg aacgggccga cagcgtgatc agctgggaca tccaggacga gaagaacgtg 1080 
acctgccagc tgaccttctg ggaggctagc gagcggacca tcagaagcga ggccgaggac 1140 
agctaccact tcagcagcgc caagatgacc gccaccttcc tgagcaagaa acaggaagtg 1200 
aacatgagcg acagcgccct ggactgcgtg cgggatgagg ccatcaacaa gctgcagcag 1260 

atcttcaaca ccagctacaa ccagacctac gagaagtatg gcaacgtgtc cgtgttcgag 1320 
acaacaggcg gcctggtggt gttctggcag ggcatcaagc agaagtccct ggtcgagctg 1380 

gaacggctgg ccaacagaag cagcctgaac ctgacccacc ggaccaagcg gagcaccgac 1440 

ggcaacaata ccacccacct gagcaacatg gaaagcgtcc acaacctggt gtacgcccag 1500 
ctgcagttca cctacgacac cctgcggggc tacatcaacc gggccctggc ccagatcgcc 1560 
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- continued 
gaggottggt gtgtggacca gcggcggacc ctggaagtgt tcaaagagct gagcaagatc 1620 
aaccccagcg ccatcctgag cgccatctac aacaagccta tcgccgccag attcatgggc 1680 
gacgtgctgg gcctggccag ctgcgtgacc atcaaccaga ccagcgtgaa ggtgctgcgg 1740 
gacatgaacg tgaaagaaag ccccggcaga tgctactcca gacccgtggt catcttcaac 1800 

ttcgccaaca gctcctacgt gcagtacggc cagctgggcg aggacaacga gatcctgctg 1860 
ggaaaccacc ggaccgagga atgccagctg cccagcctga agatctttat cgccggcaac 1920 
agcgcctacg agtatgtgga ctacctgttc aagcggatga tcgacctgag cagcatcagc 1980 

accgtggaca gcatgatcgc cctggacatc gaccccctgg aaaacaccga cttccgggtg 2040 

ctggaactgt acagccagaa agagctgcgg agcagcaacg tgttcgacct ggaagagatc 2100 
atgcgcgagt tcaacagcta caagcagcgc gtgaaatacg tcgaggacaa ggtggtggac 2160 

cccctgcccc cctacctgaa gggcctggac gacctgatga gcggcctggg agctgctggc 2220 
aaggccgtgg gagtggccat tggagctgtg ggcggagccg tggccagcgt ggtggaaggc 2280 

gtggccacct ttctgaagaa ccccttcggc gccttcacca tcatcctggt ggctatcgcc 2340 
gtcgtgatca tcacctacct gatctacacc cggcagoggc ggctgtgtac ccagcctctg 2400 
cagaacctgt tcccctacct ggtgtccgcc gacggcacca ccgtgacaag cggctccacc 2460 

2520 aaggacacca gcctgcaggc cccacccagc tacgaggaat ccgtgtacaa cagcggccgg 

aagggcccag gccctcctag ctctgacgcc tctacagccg ccccacccta caccaacgag 2580 

caggcctacc agatgctgct ggccctggct agactggacg ccgagcagag agcccagcag 2640 
aacggaaccg acagcctgga tggccagacc ggcacccagg acaagggcca gaagcccaac 2700 
ctgctggacc ggctgcggca cagaaagaac ggctaccggc acctgaagga cagcgacgaa 2760 
gaggaaaacg tgtga 2775 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 924 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : IgE leader + 9B consensus amino acid sequence 

< 400 > SEQUENCE : 22 
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 

Pin 
His Ser Glu Ser Arg Ile Trp Cys Leu Val Val Cys Val Asn Leu Cys 

20 
en la og sobre o 

Š in the baby 
to moderne 

inte de 

There naj 
are seen t Ile Val Cys Leu Gly Ala Ala Val Ser Ser Ser Ser Thr Arg Gly Thr 

35 40 
e van an Ser Ala Thr His Ser His His Ser Ser His Thr Thr Ser Ala Ala His 
55 

a s 

Ser Arg Ser Gly Ser Val Ser Ser Gin Arg Val Thr Ser Ser Glu Ala 
d 70 

se je i 
Val Ser His Arg Ala Asn Glu Thr Ile Tyr Asn Thr Thr Leu Lys Tyr 

more Gly Asp Val Val Gly Val Asn Thr Thr Lys Tyr Pro Tyr Arg Val Cys 
100 

Ser Met Ala Gin Gly Thr Asp Leu Ile Arg Phe Glu Arg Asn Ile Val 
115 120 die ander herba e 

Cys Thr Ser Met Lys Pro Ile Asn Glu Asp Leu Asp Glu Gly Ile Met 
135 
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- continued 
Val Val Tyr Lys Arg Asn Ile Val Ala His Thr Phe Lys Val Arg Val 
145 150 155 160 

Tyr Gin Lys Val Leu Thr Phe Arg Arg Ser Tyr Ala Tyr Ile His Thr 
175 

Thr Tyr Leu Leu Gly Ser Asn Thr Glu Tyr Val Ala Pro Pro Met Trp 
180 185 190 

Glu Ile His His Ile Asn Ser His Ser Gin Cys Tyr Ser Ser Tyr Ser 
205 200 

E E 

E & | E GET e Eng 
A R SS 

Arg Val Ile Ala Gly Thr Val Phe Val Ala Tyr His Arg Asp Ser Tyr 
215 

Glu Asn Lys Thr Met Gln Leu Met Pro Asp Asp Tyr Ser Asn Thr His 
225 230 235 240 

Ser Thr Arg Tyr Val Thr Val Lys Asp Gin Trp His Ser Arg Gly Ser 
255 

Thr Trp Leu Tyr Arg Glu Thr Cys Asn Leu Asn Cys Met Val Thr Ile 
260 265 270 

Thr Thr Ala Arq Ser Lys Tyr Pro Tyr His Phe Phe Ala Thr Ser Thr 
280 285 

Gly Asp Val Val Asp Ile Ser Pro Phe Tyr Asn Gly Thr Asn Arg Asn 
295 & & & ET 

Ala Ser Tyr Phe Gly Glu Asn Ala Asp Lys Phe Phe Ile Phe Pro Asn 
305 310 315 320 

Tyr Thr Ile Val Ser Asp Phe Gly Arg Pro Asn Ser Ala Leu Glu Thr 
335 
J 

His Arg Leu Val Ala Phe Leu Glu Arg Ala Asp Ser Val Ile Ser Trp 
340 345 350 

Asp Ile Gin Asp Glu Lys Asn Val Thr cys Gin Leu Thr Phe Trp Glu 
360 365 

mmm 
? 

mmmmmm 8mmmmm mmmmmmmm mmmmmm mmmm mmmmmmmmm 3mm m?? Ala Ser Glu Ara Thr Ile Ara Ser Glu Ala Glu Asp Ser Tyr His Phe 
375 

Ser Ser Ala Lys Met Thr Ala Thr Phe Leu Ser Lys Lys Gin Glu Val 
385 390 400 395 

Asn Met Ser Asp Ser Ala Leu Asp Cys Val Arg Asp Glu Ala Ile Asn 
415 

Lys Leu Gin Gin Ile Phe Asn Thr Ser Tyr Asn Gin Thr Tyr Glu Lys 
420 425 430 

Tyr Gly Asn Val Ser Val Phe Glu Thr Thr Gly Gly Leu Val Val Phe 
440 4 

Trp Gin Gly Ile Lys Gin Lys Ser Leu Val Glu Leu Glu Arg Leu Ala 
455 

Asn Arg Ser Ser Leu Asn Leu Thr His Arg Thr Lys Arg Ser Thr Asp 
465 470 475 480 

Gly Asn Asn Thr Thr His Leu Ser Asn Met Glu Ser Val His Asn Leu 
495 

3 

Val Tyr Ala Gin Leu Gin Phe Thr Tyr Asp Thr Leu Arg Gly Tyr Ile 
500 505 510 

? 

Asn Arg Ala Leu Ala Gin Ile Ala Glu Ala Trp Cys Val Asp Gin Arg 
520 525 

Arg Thr Leu Glu Val Phe Lys Glu Leu Ser Lys Ile Asn Pro Ser Ala 
535 

Ile Leu Ser Ala Ile Tyr Asn Lys Pro Ile Ala Ala Arg Phe Met Gly 
545 550 555 560 

Asp Val Leu Gly Leu Ala Ser Cys Val Thr Ile Asn Gin Thr Ser Val 
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565 570 575 

Lys Val Leu Arg Asp Met Asn Val Lys Glu Ser Pro Gly Arg Cys Tyr 
585 590 

Ser Arg Pro Val Val Ile Phe Asn Phe Ala Asn Ser Ser Tyr Val Gin 
595 

Tyr Gly Gin Leu Gly Glu Asp Asn Glu Ile Leu Leu Gly Asn His Arg 
615 

Thr Glu Glu Cys Gin Leu Pro Ser Leu Lys Ile Phe Ile Ala Gly Asn 
625 

Ser Ala Tyr Glu Tyr Val Asp Tyr Leu Phe Lys Arg Met Ile Asp Leu 

Ser Ser Ile Ser Thr Val Asp Ser Met Ile Ala Leu Asp Ile Asp Pro 
665 670 

? 

? A RH | AE SEAR PR 8? 
. 

Leu Glu Asn Thr Asp Phe Arg Val Leu Glu Leu Tyr Ser Gin Lys Glu 
675 mmm Leu Arg Ser Ser Asn Val Phe Asp Leu Glu Glu Ile Met Arg Glu Phe 

695 

Asn Ser Tyr Lys Gin Arg Val Lys Tyr Val Glu Asp Lys Val Val Asp 
705 

Pro Leu Pro Pro Tyr Leu Lys Gly Leu Asp Asp Leu Met Ser Gly Leu 

Gly Ala Ala Gly Lys Ala Val Gly Val Ala Ile Gly Ala Val Gly Gly 
745 750 mmmmm mammm mmmm mmmmmmmm mmmm mmm mmmm mmmmmm mmmm Ala Val Ala Ser Val Val Glu Gly Val Ala Thr Phe Leu Lys Asn Pro 

755 

Phe Gly Ala Phe Thr Ile Ile Leu Val Ala Ile Ala Val Val Ile Ile 
775 

Thr Tyr Leu Ile Tyr Thr Arg Gin Arg Arg Leu Cys Thr Gin Pro Leu 
785 

Gin Asn Leu Phe Pro Tyr Leu Val Ser Ala Asp Gly Thr Thr Val Thr 

Ser Gly Ser Thr Lys Asp Thr Ser Leu Gin Ala Pro Pro Ser Tyr Glu 
825 830 

Glu Ser Val Tyr Asn Ser Gly Arg Lys Gly Pro Gly Pro Pro Ser Ser 
835 

Asp Ala Ser Thr Ala Ala Pro Pro Tyr Thr Asn Glu Gin Ala Tyr Gin 
855 

Met Leu Leu Ala Leu Ala Arg Leu Asp Ala Glu Gin Arg Ala Gin Gin 
865 

Asn Gly Thr Asp Ser Leu Asp Gly Gin Thr Gly Thr Gin Asp Lys Gly 

Gin Lys Pro Asn Leu Leu Asp Arg Leu Arg His Arg Lys Asn Gly Tyr 
905 910 

Arg His Leu Lys Asp Ser Asp Glu Glu Glu Asn Val 
915 920 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 1170 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : IgE leader + gM consensus nucleic acid sequence 
IV 2 

< 400 > SEQUENCE : 23 
atggattgga cctggatcct gttcctggtg gccgctgcta cccgggtcca cagtgcaccc 60 



US 9 , 994 , 619 B2 
125 126 

- continued 

agccacgtgg acaaagtgaa cacccggact tggagcgcca gcatcgtgtt catggtgctg 120 
accttcgtga atgtgtccgt ccacctggtg ctgagcaact tcccccacct gggctacccc 180 

tgcgtgtact accacgtggt ggacttcgag cggctgaaca tgagcgccta caacgtgatg 240 

catctgcaca cccccatgct gtttctggac agcgtgcagc tcgtgtgcta cgccgtgttt 300 
atgcagctgg tgttcctggc cgtgaccatc tactacctcg tgtgctggat caagatttct 360 

atgcggaagg acaagggcat gagcctgaac cagagcaccc gggacatcag ctacatgggc 420 

gacagcctga ccgccttcct gttcatcctg agcatggaca ccttccagct gttcaccctg 480 

accatgagct tccggctgcc cagcatgatc gcctttatgg ccgccgtcca cttcttctgt 540 

ctgaccatct tcaacgtgtc catggtcacc cagtacagaa gctacaagcg gagcctgtto 600 

ttcttcagtc ggctgcaccc caagctgaag ggcaccgtcc agttccggac cctgatcgtg 660 

aacctggtgg aagtggccct gggcttcaac accaccgtgg tggctatggc tctgtgctac 720 

780 ggcttcggca acaacttctt cgtgcggaca ggccacatgg tgctggccgt gttcgtggtg 
tacgccatta tcagcatcat ctactttctg ctgatcgagg ccgtgttctt ccagtacgtg 840 

aaggtgcagt tcggctacca cctgggcgcc tttttcggcc tgtgcggcct gatctacccc 900 
atcgtgcagt acgacacctt cctgagcaac gagtaccgga ccggcatcag ctggtccttc 960 

ggcatgctgt tcttcatctg ggccatgttc accacctgtc gggccgtgcg gtacttcaga 1020 
ggcagaggca gcggctccgt gaagtaccag gccctggcca cagccagcgg cgaagaagtg 1080 
gccgccctga gccaccacga cagcctggaa agcagacgge tgagagagga agaggacgac 1140 
gacgacgatg aggacttcga ggacgcctga 1170 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 389 
< 212 > TYPE : PRT 

ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + gM consensus amino acid sequence 
< 400 > SEQUENCE : 24 
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 

His Ser Ala Pro Ser His Val Asp Lys Val Asn Thr Arg Thr Trp Ser 
25 

Ala Ser Ile Val Phe Met Val Leu Thr Phe Val Asn Val Ser Val His 
35 ga postoje 

jag har en Leu Val Leu Ser Asn Phe Pro His Leu Gly Tyr Pro Cys Val Tyr Tyr 

His Val Val Asp Phe Glu Arg Leu Asn Met Ser Ala Tyr Asn Val Met 
70 

hindi 
honda en ö 

nebo babae 
he develop 

a ? 

n emli 

His Leu His Thr Pro Met Leu Phe Leu Asp Ser Val Gin Leu Val Cys 

Tyr Ala Val Phe Met Gln Leu Val Phe Leu Ala Val Thr Ile Tyr Tyr 
105 

Leu Val Cys Trp Ile Lys Ile Ser Met Arg Lys Asp Lys Gly Met Ser 
115 

la de se mogu se 
Leu Asn Gin Ser Thr Arg Asp Ile Ser Tyr Met Gly Asp Ser Leu Thr 

Ala Phe Leu Phe Ile Leu Ser Met Asp Thr Phe Gln Leu Phe Thr Leu 
150 Phe Ile Leu sex Met A?p Thr Phe 
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| 

Thr Met Ser Phe Arg Leu Pro Ser Met Ile Ala Phe Met Ala Ala Val 
175 

? His Phe Phe Cys Leu Thr Ile Phe Asn Val Ser Met Val Thr Gin Tyr 
180 185 190 

Arg Ser Tyr Lys Arg Ser Leu Phe Phe Phe Ser Arg Leu His Pro Lys & 

Leu Lys Gly Thr Val Gin Phe Arg Thr Leu Ile Val Asn Leu Val Glu 
215 

? ? 

? 

| 18 0 33 Val Ala Leu Gly Phe Asn Thr Thr Val Val Ala Met Ala Leu Cys Tyr 
240 

Gly Phe Gly Asn Asn Phe Phe Val Arq Thr Gl Ly His Met Val Leu Ala 
255 mmm ?? Val Phe Val Val Tyr Ala Ile Ile Ser Ile Ile Tyr Phe Leu Leu Ile 

260 265 270 

Glu Ala Val Phe Phe Gln Tyr Val Lys Val Gln Phe Gly Tyr His Leu mmmm mmm mmmmm mg mmmm Gly Ala Phe Phe Gly Leu Cys Gly Leu Ile Tyr Pro Ile Val Gin Tyr 
295 

Asp Thr Phe Leu Ser Asn Glu Tyr Arg Thr Gly Ile Ser Trp Ser Phe 
320 

Gly Met Leu Phe Phe Ile Trp Ala Met Phe Thr Thr Cys Ara Ala Val 
335 

Arg Tyr Phe Arg Gly Arg Gly Ser Gly Ser Val Lys Tyr Gin Ala Leu 
340 345 350 

Ala Thr Ala Ser Gly Glu Glu Val Ala Ala Leu Ser His His Asp Ser 

Leu Glu Ser Arg Arg Leu Arg Glu Glu Glu Asp Asp Asp Asp Asp Glu 
370 375 

Asp Phe Glu Asp Ala 
385 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 462 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : | 

23 > OTHER INFORMATION : IgE leader + 9N consensus nucleic acid sequence 

< 400 > SEQUENCE : 25 

atggattgga cctggatcct gttcctggtg gccgctgcta cccgggtcca cagtgagtgg 8 60 

aacaccctgg tgctgggtct gctggtgctg tctgtggccg ccagcagcaa caacaccagc 120 

actgccagca cccccagccc tagcagcagc acccacacct ccaccaccgt gaaggccacc 180 

accaccgcca ccacaagcac cacaacagcc accagcacca cctcttccac caccagcaca 240 

aagcccggca gcaccactca cgaccccaac gtgatgaggc cccacgccca caacgacttc 300 
tacaaggccc actgcaccag ccatatgtac gagctgagcc tgagcagctt cgccgcctgg 360 

tggaccatgc tgaacgccct gatcctgatg ggcgccttct gcatcgtgct geggcactge 420 

tgcttccaga acttcaccgc cacaaccacc aagggctact ga 462 

V 

V V 

INNN HANN No V V 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 153 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + gN consensus amino acid sequence 
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< 400 > SEQUENCE : 26 
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 

15 

His Ser Glu Trp Asn Thr Leu Val Leu Gly Leu Leu Val Leu Ser Val 

Ala Ala Ser Ser Asn Asn Thr Ser Thr Ala Ser Thr Pro Ser Pro Ser 
40 

? go Rg Ser Ser Thr His Thr Ser Thr Thr Val Lys Ala Thr Thr Thr Ala Thr 

? G ? ? 

3 
g ? 3? ? EE 

? 8? 
? 

Re g ? 3 

& E 

? ? mmm Thr Ser Thr Thr Thr Ala Thr Ser Thr Thr Ser Ser Thr Thr Ser Thr 
70 

Lys Pro Gly Ser Thr Thr His Asp Pro Asn Val Met Arg Pro His Ala 
95 

His Asn Asp Phe Tyr Lys Ala His Cys Thr Ser His Met Tyr Glu Leu 

Ser Leu Ser Ser Phe Ala Ala Trp Trp Thr Met Leu Asn Ala Leu Ile 
120 

| | 
Leu Met Gly Ala Phe Cys Ile Val Leu Arg His Cys Cys Phe Gin Asn 
? 

Phe Thr Ala Thr Thr Thr Lys Gly Tyr 
145 150 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 2283 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : ICE leader + qH consensus nucleic acid sequence 

< 400 > SEQUENCE : 27 

atggactgga cctggatcct gttcctggtg gccgctgcta cccgggtgca cagtcgaccc | 60 60 
ggcctgccca gctacctgac cgtgttcgcc gtgtacctgc tgagccatct gcccagccag 120 
agatacggcg ccgatgccgc ctctgaggcc ctggatcctc acgccttcca tctgctgctg 180 

aacacctacg gcagacctat ccggttcctg cgcgagaaca ccacccagtg cacctacaac 240 
agcagcctgc ggaacagcac cgtcgtgcgc gagaatgcta tcagcttcaa cttcttccag 3000 
agctacaacc agtactacgt gttccacatg ccccggtgcc tgttcgccgg acctctggcc 360 

gagcagttcc tgaaccaggt ggacctgacc gagacactgg aaagatacca gcagcggctg 420 

aatacctacg ccctggtgtc caaggacctg gocagctacc ggtccttcag ccagcagctg 480 

aaggctcagg acagcctggg cgagcagcct accaccgtgc cccctccaat cgacctgage 540 

atcccccacg tgtggatgcc cccccagacc acacctcacg gctggaaaga gagccacacc 6000 

accagcggcc tgcacagacc ccacttcaac cagacctgca ttctgttcga cggccacgac 660 
ctgctgttca gcaccgtgac cccctgcctg caccagggct tctacctgat cgacgagctg 720 
agatacgtga agatcaccct gaccgaggat ttcttcgtgg tcaccgtgtc catcgacgac 780 
gacaccccca tgctgctgat cttcggccat ctgcctcggg tgctgttcaa ggccccctac 840 

cagcgggaca acttcatcct gcggcagacc gagaagcacg agctgctggt gctggtcaag 900 

aaggaccagc tgaaccggca ctcctacctg aaggaccccg acttcctgga cgccgccctg 960 

gacttcaact acctggacct gagcgccctg ctgagaaaca gottccacag atacgccgtg 1020 
gacgtgctga agtccggccg gtgccagatg ctggacagac ggaccgtgga aatggccttc 1080 
gcctatgccc tggccctgtt tgccgccgct cggcaggaag aggctggcgc tgaagtgtcc | 1140 



US 9 , 994 , 619 B2 
131 132 

- continued 

gtgcccagag ccctggacag acaggccgct ctgctgcaga tccaggaatt catgatcacc 1200 
tgtctgagcc agaccccccc tcggaccacc ctgctgctgt accctaccgc cgtggatctg 1260 
gccaagcggg ccctgtggac ccccaaccag atcaccgaca tcacaagcct cgtgcggctg 1320 
gtgtacatcc tgagcaagca gaaccagcag cacctgatcc cccagtgggc cctgagacag 1380 

atcgccgact tcgccctgaa gctgcacaag acccacctgg ctagctttct gagcgccttc 1440 
gctaggcagg aactgtacct gatgggcago ctggtgcact ccatgctggt gcacaccacc 1500 

gagaggcggg aaatcttcat cgtggaaacc ggcctgtgca gcctggccga gctgagccac 1560 

ttcacccagc tgctggocca cccccaccac gagtacctga gcgacctgta caccccctgc 1620 
1680 agctctagcg gcagacggga tcacagcctg gaacggctga cccggctgtt ccccgatgcc 

acagtgcctg ccactgtgcc agccgccctg tccatcctgt ccaccatgca goccagcacc 1740 
ctggaaacct tccccgacct gttctgcctg cccctgggcg agagcttcag cgccctgaca 1800 
gtgtccgagc acgtgtccta cgtggtcacc aaccagtacc tgatcaaggg catcagctac 1860 
cccgtgtcca ccaccgtcgt gggccagagc ctgatcatca cccagaccga cagccagacc 1920 
aagtgcgagc tgacccggaa catgcacacc acacacagca tcactgccgc cctgaacatc 1980 

agcctggaaa actgcgcctt ctgccagtct gccctgctgg aatacgacga tacccagggc 2040 

gtgatcaaca tcatgtacat gcacgacagc gacgacgtgc tgttcgccct ggacccctac 2100 

aacgaggtgg tggtgtccag cccccggacc cactacctga tgctgctgaa gaacggcacc 2160 
gtgctggaag tgaccgacgt ggtggtggac gccaccgaca gcagactgct gatgatgagc 2220 
gtgtacgccc tgagcgccat catcggcatc tacctgctgt accggatgct gaaaacctgc 2280 

tga 2283 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 760 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + gH consensus amino acid sequence 
A 

< 400 > SEQUENCE : 28 

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 
15 este se ne b 

His Ser Arg Pro Gly Leu Pro Ser Tyr Leu Thr Val Phe Ala Val Tyr 

ni is 
a od 

Leu Leu Ser His Leu Pro Ser Gin Arg Tyr Gly Ala Asp Ala Ala Ser 
35 40 

Glu Ala Leu Asp Pro His Ala Phe His Leu Leu Leu Asn Thr Tyr Gly abae de generale 
Arg Pro Ile Arg Phe Leu Arg Glu Asn Thr Thr Gin Cys Thr Tyr Asn 
65 70 80 

Ser Ser Leu Arg Asn Ser Thr Val Val Arg Glu Asn Ala Ile Ser Phe 
95 

a pa b Asn Phe Phe Gln Ser Tyr Asn Gin Tyr Tyr Val Phe His Met Pro Arq 
105 še 

sebe Cys Leu Phe Ala Gly Pro Leu Ala Glu Gin Phe Leu Asn Gin Val Asp 
115 120 

Leu Thr Glu Thr Leu Glu Arg Tyr Gin Gin Arg Leu Asn Thr Tyr Ala 
135 140 

Leu Val Ser Lys Asp Leu Ala Ser Tyr Ara Ser Phe Ser Gin Gin Leu Meng 
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145 150 155 160 

& Lys Ala Gin Asp Ser Leu Gly Glu Gin Pro Thr Thr Val Pro Pro Pro 
175 

& Ile Asp Leu Ser Ile Pro His Val Trp Met Pro Pro Gin Thr Thr Pro 
185 

His Gly Trp Lys Glu Ser His Thr Thr Ser Gly Leu His Ara Pro His 
200 205 

Phe Asn Gin Thr Cys Ile Leu Phe Asp Gly His Asp Leu Leu Phe Ser 
215 ER Thr Val Thr Pro Cys Leu His Gin Gly Phe Tyr Leu Ile Asp Glu Leu 

225 235 240 mmmmmm Arg Tyr Val Lys Ile Thr Leu Thr Glu Asp Phe Phe Val Val Thr Val 
255 

Ser Ile Asp Asp Asp Thr Pro Met Leu Leu Ile Phe Gly His Leu Pro 
265 

Arg Val Leu Phe Lys Ala Pro Tyr Gin Arg Asp Asn Phe Ile Leu Arg 
280 285 

Gin Thr Glu Lys His Glu Leu Leu Val Leu Val Lys Lys Asp Gin Leu 
295 

Asn Arg His Ser Tyr Leu Lys Asp Pro Asp Phe Leu Asp Ala Ala Leu 
305 315 320 

Asp Phe Asn Tyr Leu Asp Leu Ser Ala Leu Leu Arg Asn Ser Phe His 
335 

Arg Tyr Ala Val Asp Val Leu Lys Ser Gly Arg Cys Gin Met Leu Asp 
345 

Arg Arq Thr Val Glu Met Ala Phe Ala Tyr Ala Leu Ala Leu Phe Ala 
360 365 

m mmmmm mmmmmmm mmmm mmmm mmmm mmmmm mmmm mmmmm mm 

y Ala Glu Val Ser Val Pro Arq Ala Ala Ala Arq Gln Glu Glu Ala G 
375 

Leu Asp Arg Gln Ala Ala Leu Leu Gln Ile Gln Glu Phe Met Ile Thr 
385 395 400 

am mmmmmmmm Cys Leu Ser Gin Thr Pro Pro Arq Thr Thr Leu Leu Leu Tyr Pro Thr 
415 

Thr Pro Asn Gln Ile Thr Ala Val Asp Leu Ala Lys Arg Ala Leu Tr 
425 

Asp Ile Thr Ser Leu Val Arq Leu Val Tyr Ile Leu Ser Lys Gln Asn 
440 

Gin Gin His Leu Ile Pro Gin Trp Ala Leu Arg Gin Ile Ala Asp Phe 
455 

Ala Leu Lys Leu His Lys Thr His Leu Ala Ser Phe Leu Ser Ala Phe 
475 480 465 

Ala Arg Gin Glu Leu Tyr Leu Met Gly Ser Leu Val His Ser Met Leu 
495 

Val His Thr Thr Glu Arg Arg Glu Ile Phe Ile Val Glu Thr Gly Leu 
505 

Cys Ser Leu Ala Glu Leu Ser His Phe Thr Gln Leu Leu Ala His Pro 
520 525 

His His Glu Tyr Leu Ser Asp Leu Tyr Thr Pro Cys Ser Ser Ser Gly 
535 

Arg Arg Asp His Ser Leu Glu Arg Leu Thr Arg Leu Phe Pro Asp Ala 
545 555 560 

Thr Val Pro Ala Thr Val Pro Ala Ala Leu Ser Ile Leu Ser Thr Met 
575 
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? ? ? Gln Pro Ser Thr Leu Glu Thr Phe Pro Asp Leu Phe Cys Leu Pro Leu 
585 590 ggs Asp Let Phe cyeo 

Gly Glu Ser Phe Ser Ala Leu Thr Val Ser Glu His Val Ser Tyr Val gg ? 
Val Thr Asn Gin Tyr Leu Ile Lys Gly Ile Ser Tyr Pro Val Ser Thr 

Thr Val Val Gly Gin Ser Leu Ile Ile Thr Gin Thr Asp Ser Gin Thr 
640 625 635 

Lys Cys Glu Leu Thr Arg Asn Met His Thr Thr His Ser Ile Thr Ala ? 
g 

Ala Leu Asn Ile Ser Leu Glu Asn Cys Ala Phe Cys Gin Ser Ala Leu 
665 670 mmm mmmmmmm mmmm mmm Leu Glu Tyr Asp Asp Thr Gin Gly Val Ile Asn Ile Met Tyr Met His 

Asp Ser Asp Asp Val Leu Phe Ala Leu Asp Pro Tyr Asn Glu Val Val 

y Thr Val Ser Ser Pro Arq Thr His Tyr Leu Met Leu Leu Lys Asn G 
705 715 

? 26 
720 

Val Leu Glu Val Thr Asp Val Val Val Asp Ala Thr Asp Ser Arg Leu 

Leu Met Met Ser Val Tyr Ala Leu Ser Ala Ile Ile Gly Ile Tyr Leu 
745 750 

Leu Tyr Arg Met Leu Lys Thr Cys 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 888 
< 212 > TYPE : DNA 

13 ) ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : IgE leader + gL consensus nucleic acid sequence 

V 

V 

< 400 > SEQUENCE : 29 

atggattgga cctggatcct gtttctggtg gccgctgcaa caagggtcca ctcttgcagg | 60 
cggcccgact gcggcttcag cttcagccct ggccccgtga tcctgctgtg gtgctgcctg 120 

ctgctgccca tcgtgtcctc tgccgccgtg totgtggccc ctacagccgc cgagaaggtg 180 
ccagccgagt gccctgagct gaccagacgg tgtctgctgg gcgaggtgtt ccagggcgat 240 
aagtacgaga gctggctgcg gcccctggtc aacgtgaccg gcagagatgg ccccctgagc 300 
cagctgatcc ggtacagacc cgtgacccct gaggccgcca acagcgtgct gctggacgaa 360 
gcctttctgg acacactggc cctgctgtac aacaaccccg accagctgcg ggccctgctg 420 
acactgctga gcagcgatac cgcccccaga tggatgaccg tgatgcgggg ctacagcgag 480 
tgcggcgacg gatctcccgc cgtgtacacc tgtgtggacg acctgtgccg gggctacgac 540 

ctgaccagac tgagctacgg ccggtccatc ttcacagagc acgtgctggg cttcgagctg 600 

gtgcccccca gcctgttcaa tgtggtggtg gccatccgga acgaggccac ccggaccaac 660 

agagcagtgc ggctgcctgt gtccaccgct gctgctccag agggcatcac cctgttctac 720 

ggcctgtaca acgccgtgaa agagttctgc ctgagacacc agctggaccc ccccctgctg 780 

cggcacctgg acaagtacta cgccggcctg cctcccgagc tgaagcagac cagagtgaac 840 

ctgcccgccc acagcagata cggccctcag gccgtggacg ccagatga 888 

< 210 > SEQ ID NO 30 
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- continued 
< 211 > LENGTH : 295 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + gL consensus amino acid sequence 

< 400 > SEQUENCE : 30 
| | | 

Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 
. 

His Ser Cys Arg Arg Pro Asp Cys Gly Phe Ser Phe Ser Pro Gly Pro 
30 

Val Ile Leu Leu Trp Cys Cys Leu Leu Leu Pro Ile Val Ser Ser Ala 
135 40 

? 1 

on E ERA 
? 

Ala Val Ser Val Ala Pro Thr Ala Ala Glu Lys Val Pro Ala Glu Cys 
R & 

Pro Glu Leu Thr Arg Arg Cys Leu Leu Gly Glu Val Phe Gln Gly Asp 
70 

Lys Tyr Glu Ser Trp Leu Arg Pro Leu Val Asn Val Thr Gly Arg Asp 
g 

Gly Pro Leu Ser Gin Leu Ile Arg Tyr Arg Pro Val Thr Pro Glu Ala 
110 

A Ala Asn Ser Val Leu Leu Asp Glu Ala Phe Leu Asp Thr Leu Ala Leu 
115 120 

Leu Tyr Asn Asn Pro Asp Gin Leu Arg Ala Leu Leu Thr Leu Leu Ser 

Ser Asp Thr Ala Pro Arg Trp Met Thr Val Met Arg Gly Tyr Ser Glu 
150 

a 

3mm m 

mmmmmmm mmmmmm mmmmmmm mmmm 
Cys Gly Asp Gly Ser Pro Ala Val Tyr Thr Cys Val Asp Asp Leu Cys E IS 
& 

mam mmmmmmmm 
Arg Gly Tyr Asp Leu Thr Arg Leu Ser Tyr Gly Arg Ser Ile Phe Thr 

190 

Glu His Val Leu Gly Phe Glu Leu Val Pro Pro Ser Leu Phe Asn Val 
195 200 mmm Val Val Ala Ile Arq Asn Glu Ala Thr Arq Thr Asn Arg Ala Val Arq 

Leu Pro Val Ser Thr Ala Ala Ala Pro Glu Gly Ile Thr Leu Phe Tyr 
230 

Gly Leu Tyr Asn Ala Val Lys Glu Phe Cys Leu Arg His Gin Leu Asp 

Pro Pro Leu Leu Arg His Leu Asp Lys Tyr Tyr Ala Gly Leu Pro Pro 
| 270 

& & & 

Glu Leu Lys Gin Thr Arg Val Asn Leu Pro Ala His Ser Arg Tyr Gly 
275 280 
| 

A Pro Gln Ala Val Asp Ala Arq 
290 

- 

1 2 ̂ 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 1470 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + go consensus nucleic acid sequence 

1 3 ̂ AAAA 2 0 2 3 

< 400 > SEQUENCE : 31 

atggactgga cctggatcct gttcctggtc gccgctgcaa ctagagtgca cagcggcaag 60 
aaagaaatga tcatggtcaa gggcatcccc aagatcatgc tgctgatcag catcaccttt 120 
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ctgctgctga gcctgatcaa ctgcaacgtg ctggtcaaca gcaagggcac acggcggagc 180 
tggccctaca ccgtgctgag ctaccggggc aaagagatoc tgaagaagca gaaagaggac 240 
atcctgaagc ggctgatgag caccagcagc gacggctacc ggttcctgat gtaccccagc 300 

cagcagaaat tocacgccat cgtgatcagc atggacaagt tcccccagga ctacatcctg 360 

gccggaccca tccggaacga cagcatcacc cacatgtggt tcgacttcta cagcacccag 420 

ctgcggaagc ccgccaaata cgtgtacagc gagtacaacc acaccgccca caagatcacc 480 

ctgcggcctc ccccttgcgg caccgtgccc agcatgaact gcctgagcga gatgctgaac 540 

gtgtccaagc ggaacgacac cggcgagaag ggctgcggca acttcaccac cttcaacccc 600 

atgttcttca acgtgccccg gtggaacacc aagctgtaca tcggcagcaa caaagtgaac 660 

gtggacagcc agaccatcta ctttctgggc ctgaccgccc tgctgctgcg ctacgcccag 720 

agaaactgca cccggtcctt ctacctggtc aacgccatga gccggaacct gttccgggtg 780 

cccaagtaca tcaacggcac caagctgaag aacaccatgc ggaagctgaa gcggaagcag 840 

gccctggtca aagagcagcc ccagaagaag aacaagaagt cccagagcac caccaccccc 900 
tacctgagct acaccaccag caccgccttc aacgtgacca ccaacgtgac ctacagcgcc 960 

1020 acagccgccg tgaccagagt ggccacctcc accaccggct accggcccga cagcaacttc 

atgaagtcca tcatggccac ccagctgagg gacctggcca cctgggtgta caccaccctg 1080 

cggtacagaa acgagccctt ctgcaagccc gaccggaaca gaaccgccgt gtccgagttc 1140 
atgaagaata cccacgtgct gatccgcaac gagacaccct acaccatcta cggcaccctg 1200 
gacatgagca gcctgtacta caacgagaca atgagcgtcg agaacgagac agccagcgac 1260 
aacaacgaaa ccacccccac cagccccagc acccggttcc agcggacctt catcgacccc 1320 
ctgtgggact acctggacag cctgctgttc ctggacaaga tccggaactt cagcctgcag 1380 
ctgcccgcct acggcaacct gaccccccct gaacacagaa gggccgccaa cctgagcacc 1440 

ctgaacagcc tgtggtggtg gctgcagtga 1470 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 489 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + go consensus amino acid sequence 

< 400 > SEQUENCE : 32 

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val " SP ble beu phe teu Yai Ala Ala Ala Thr ang Val 10 15 

His Ser Gly Lys Lys Glu Met Ile Met Val Lys Gly Ile Pro Lys Ile 
25 30 20 

seb Met Leu Leu Ile Ser Ile Thr Phe Leu Leu Leu Ser Leu Ile Asn Cys 
40 ja ne Med Asn Val Leu Val Asn Ser Lys Gly Thr Arg Arg Ser Trp Pro Tyr Thr 

Val Leu Ser Tyr Arg Gly Lys Glu Ile Leu Lys Lys Gin Lys Glu Asp 
65 80 

Ile Leu Lys Arq Leu Met Ser Thr Ser Ser Asp Gly Tyr Ara Phe Leu 
90 95 ser Thr ser ser Asp 

Met Tyr Pro Ser Gin Gin Lys Phe His Ala Ile Val Ile Ser Met Asp 
100 105 110 

Lys Phe Pro Gin Asp Tyr Ile Leu Ala Gly Pro Ile Arg Asn Asp Ser 
115 120 
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141 142 . 

- continued 

Ile Thr His Met Trp Phe Asp Phe Tyr Ser Thr Gin Leu Arg Lys Pro & 
| ? 

Ala Lys Tyr Val Tyr Ser Glu Tyr Asn His Thr Ala His Lys Ile Thr 
145 150 155 160 

Leu Arg Pro Pro Pro Cys Gly Thr Val Pro Ser Met Asn cys Leu Ser 
165 1 170 175 

Glu Met Leu Asn Val Ser Lys Arg Asn Asp Thr Gly Glu Lys Gly cys 
180 BE Gly Asn Phe Thr Thr Phe Asn Pro Met Phe Phe Asn Val Pro Arg Trp 

200 205 195 

Asn Thr Lys Leu Tyr Ile Gly Ser Asn Lys Val Asn Val Asp Ser Gin 

Thr Ile Tyr Phe Leu Gly Leu Thr Ala Leu Leu Leu Arq Tyr Ala Gln 
225 230 235 240 mmmm Arg Asn Cys Thr Ara Ser Phe Tyr Leu Val Asn Ala Met Ser Arg Asn 

245 250 255 

Leu Phe Arg Val Pro Lys Tyr Ile Asn Gly Thr Lys Leu Lys Asn Thr 
260 270 

Met Arg Lys Leu Lys Arg Lys Gln Ala Leu Val Lys Glu Gin Pro Gln 
275 280 285 

ERRER RED Lys Lys Asn Lys Lys Ser Gin Ser Thr Thr Thr Pro Tyr Leu Ser Tyr mmm mm 8mm mmmm Thr Thr Ser Thr Ala Phe Asn Val Thr Thr Asn Val Thr Tyr Ser Ala 
305 1310 315 320 mmmmmm mmmmmm Thr Ala Ala Val Thr Arg Val Ala Thr Ser Thr Thr Gly Tyr Arg Pro 

325 335 330 

Asp Ser Asn Phe Met Lys Ser Ile Met Ala Thr Gin Leu Arg Asp Leu 
340 350 

Ala Thr Trp Val Tyr Thr Thr Leu Arg Tyr Arg Asn Glu Pro Phe Cys 
355 360 365 

Lys Pro Asp Arg Asn Arg Thr Ala Val Ser Glu Phe Met Lys Asn Thr 

His Val Leu Ile Arg Asn Glu Thr Pro Tyr Thr Ile Tyr Gly Thr Leu 
385 390 | 395 400 

Asp Met Ser Ser Leu Tyr Tyr Asn Glu Thr Met Ser Val Glu Asn Glu 
405 410 415 

Thr Ala Ser Asp Asn Asn Glu Thr Thr Pro Thr Ser Pro Ser Thr Arg 
420 430 

Phe Gin Arg Thr Phe Ile Asp Pro Leu Trp Asp Tyr Leu Asp Ser Leu 
435 440 445 

Leu Phe Leu Asp Lys Ile Arg Asn Phe Ser Leu Gin Leu Pro Ala Tyr 

Gly Asn Leu Thr Pro Pro Glu His Ara Ara Ala Ala Asn Leu Ser Thr 
465 470 475 480 

? 
? 

Leu Asn Ser Leu Tri Tri Trp Leu Gun 
485 

? 

< 210 > SEQ ID NO 33 
< 211 > LENGTH : 567 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + UL128 consensus nucleic acid 

sequence 

1 3 

2 0 

2 2 
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143 144 

- continued 
< 400 > SEQUENCE : 33 
atggattgga cctggatcct gtttctggtg gccgctgcaa caagggtcca ctctagcccc 60 

aaggatctga cccctttcct gaccgccctg tggctgctcc tgggccacag cagagtgcct 120 
agagtgcggg ccgaggaatg ctgcgagttc atcaacgtga accacccccc cgagcggtgc 180 

tacgacttca agatgtgcaa ccggttcacc gtggctctga gatgccccga cggcgaagtg 240 
tgctacagcc ccgagaaaac cgccgagatc cggggcatcg tgaccaccat gacccacagc 300 

ctgaccagac aggtggtgca taacaagctg accagttgca actacaaccc cctgtacctg 360 

gaagccgacg gccggatcag atgoggcaaa gtgaacgaca aggcccagta cctgctgggc 420 

gctgcaggca gtgtgcccta cagatggatc aacctggaat acgacaagat cacccggatc 480 

gtgggcctgg accagtacct ggaaagcgtg aagaagcaca agcggctgga cgtgtgccgg 540 

gccaagatgg gctacatgct gcagtga 567 

< 210 > SEQ ID NO 34 
< 211 > LENGTH : 188 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + UL128 consensus amino acid 

sequence 

< 400 > SEQUENCE : 34 

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 
a 

? ? 

& & n 

on 3 ? 

His Ser Ser Pro Lys Asp Leu Thr Pro Phe Leu Thr Ala Leu Trp Leu 
20 25 130 

Leu Leu Gly His Ser Arg Val Pro Arg Val Arg Ala Glu Glu Cys Cys 
35 40 

Glu Phe Ile Asn Val Asn His Pro Pro Glu Arg Cys Tyr Asp Phe Lys 
55 

Met Cys Asn Arg Phe Thr Val Ala Leu Arg Cys Pro Asp Gly Glu Val 
65 me mmm m? Cys Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg Gly Ile Val Thr Thr mmmm mmm Agn & 

Roge E 
& 

Met Thr His Ser Leu Thr Arg Gin Val Val His Asn Lys Leu Thr Ser 
100 105 110 

Cys Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly Arg Ile Arg Cys 
115 120 

Gly Lys Val Asn Asp Lys Ala Gin Tyr Leu Leu Gly Ala Ala Gly Ser 
135 

Val Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys Ile Thr Arg Ile 
145 

Val Gly Leu Asp Gin Tyr Leu Glu Ser Val Lys Lys His Lys Arg Leu 
? 

Asp Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gin 
180 185 

AAA 
< 210 > SEQ ID NO 35 
< 211 > LENGTH : 696 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : IgE leader + UL130 consensus nucleic acid 

sequence 

1 1 22 

< 400 > SEQUENCE : 35 






































































































































































































































